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Abstract
The purpose of this study was to explore the emging problem finding ability of high
school students at three high schools in Minnesttadents at each of the three schools
had differing backgrounds including pre-engineexngrsework, traditional technology
education coursework and advanced science courke$udents were asked to find
problems in two different engineering scenariosctwere presented to them on a
paper and pencil instrument. Responses were sbgraganel of judges based on
measures of creativity (flexibility, fluency, origlity and elaborateness) and analyzed
based on demographic data including gender, poorsework and school. In addition
student responses were categorized and evaluaadithtjuely based on school and
gender of respondent. Quantitative results indit@éthe most consistent predictor of
creativity in engineering problem finding scenanass the number of advanced science
classes. Specific measures of creativity includéeérosignificant predictors but
advanced science coursework was the most consetesgs all measures and
scenarios. The qualitative results showed strikiifiigrences in the responses from
students at different schools. Students from schath a pre-engineering and
advanced science emphasis found similar categoiigoblems and had a similar view
of the purview of engineers while students witleehhology education background
focused on a rather different set of problems aaldamuch narrower view of
engineering. Results show clear differences irtythes of problems found by students
at these three high schools as well as their utateimg of the scope of engineering
problems. Educators need to become more aware afjortance of problem finding

in engineering and better encourage the developofgbblem finding skills among
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their students. Specifically, technology educateachers may need supplemental

professional development related to the scope giheering and engineering problem
finding as well as how these concepts might besdunto their curriculum and

encouraged among their students.
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Chapter |
The Problem

Our lives and world seem to be teeming with proldeRrom how to save on
gasoline to how to keep food from spoiling; andrirbow to maintain our ability to
feed a growing population to how to protect endaegspecies we live in a world
which seems defined by problems. For all of recaiuistory we as a society have
relied on science and technology to help addresisiggms such as these. From the
earliest methods for farming to the invention o thheel, sail and ship to the more
recent advances brought about by electronics, ctergoand the Internet we see the
importance of technology as a method for addressigipwing number of problems.
Still, all of these advances in science and teagylwould remain purely intellectual
curiosities were it not for people who can seeagtral value to them and who have an
ability to apply them to solving real problems.

As with most useful and productive services, dirae a profession of people
who use science and technology to solve real wodtlems has emerged. Many of
those involved in this type of problem solving atentified either by themselves or
others as engineers. The U.S. Department of Lagsxribes an engineer as someone
who applies the principles of science and matherm&ti economically solve technical
problems (U.S. Department of Labor, 2007). Thussmwve talk about solving real
world problems using technology and scientific disgries in a systematic way we are
really talking about engineering problem solvirtgndturally follows, then, that

engineers who are most familiar and most successfialproblem solving and the



skills it requires will turn out the highest quglgolutions to the problems they
examine.

As we do not live in an ideal world it is not egtuthough for engineers to
design the best possible solution to a problemnkivehe definition provided by the
Department of Labor we can see the influence ofraeraialization and economics.
The solutions devised by engineers must not onlgblenically and scientifically
feasible but must also be economically feasiblés Wrinkle in engineering problem
solving, which requires that a solution be econamican add quite a bit of complexity
to the problem solving process and necessitatéshtbdest and most desirable
engineers have superior problem solving skills.

Although the success of engineers is largely datexd by their ability to solve
these complex and ill-structured “real world” preipls engineering schools often do a
poor job of teaching students how to deal with ¢higpes of problems (Jonassen,
Strobel, & Lee, 2006). The solving of problems witiclear goals and unlisted
constraints is not something that students aretald&arn through the structured
problem solving they are most commonly introduaedhtengineering classes
(Jonassen et al., 2006). The problems discussschwol are typically designed to have
a correct or at least apparently optimal solutmwhich the student’s solution can be
compared. In the real world problems often haveentlban one appropriate solution
and can require the balance of conflicting goat$ @her complex issues. More recent
research has suggested that even the word ortonlems that engineering students
might be exposed to do not appear to provide adedransfer to the solving of

complex, ill-structured problems (Jonassen eR806).
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It is not just engineers though, who benefit fritva practical application of

science and technology to solve problems. As olly tizes have evolved and become
more complex we have exposed ourselves to an siaggaumber of technological
problems. For example, the majority of Americansty today take for granted the
ability to control the climate in their homes thgbuheating and cooling systems. The
function of a building has evolved from a simplelstr from the elements to something
expected to keep us comfortable year round buntireasing cost of energy is slowly
causing us to re-think our living habits. Thus, tleeneowner must now balance the
desire for a comfortable home with the realitylad tosts for maintaining such a home.
These seemingly contradictory goals might be acthikvor the situation improved
though the application of scientific and technobadjiprinciples in a problem solving
process and the better that process the moreagatisf the end result.
Problems

It may not seem necessary to define what is mmaatproblem. After all, we
frequently use the term and nearly everyone hasreeqgced a problem of some kind
but when embarking upon a study of problems it dmesomes evident that “problem”
is not a universal term and can have multiple nregwhich must be differentiated.

Psychologist Karl Duncker (1945) begins his wonkpooblem solving by
describing problems as what occurs when someona baal but does not yet know
how to meet that goal. This description of a probkes something which blocks the
move from an existing state to a desired statehsed by Simon & Newell (1972).
Along these lines it is possible to describe whatks this transition as a difficulty. The

Oxford English Dictionaryescribes the most common uses of problem to be “a
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difficult or demanding situation; a matter or stioa regarded as unwelcome, harmful

or wrong and needing to be overcome; a difficu{B008) a description which clearly
fits those provided by Duncker and Simon & Newell.

It is not merely enough though to describe a mbas a difficulty. Those
problems faced by engineers and designers, whalertiay be difficult, are more than a
difficulty. Merriam-Webster’s Dictionargefines a problem as “a question raised for
inquiry, consideration, or solution” (2008) whicha more appropriate definition in this
case. Getzels (1982) suggests that in these aestead of being a difficulty the
development of the problem is itself the primargalgand what remains then, is
execution. Furthermore, it becomes possible tasiflaproblems based on whether the
problem exists or is created, whether the probesuggested by the solver or another
and whether a known solution exists or must besaeliThis method for classification
of problems led Getzels (1964; 1982) to describectanmon types of problems:

1. The problem is given (is known) and there is addath method for solving

it, known to the problem solver (student, experitaksubject) and to others
(teacher, experimenter) and guaranteeing a solirtiarfinite number of
steps.

2. The problem is given (is known) but no standardhoétfor solving it is

known to the problem-solver, although known to adhe

3. The problem is given (is known) but no standardhoétfor solving it is

known to the problem-solver or others.

4. The problem itself exists but remains to be idedibr discovered (become

known) by the problem solver, although known toeosh
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5. The problem itself exists but remains to be idedibr discovered (become

known) by the problem solver and by others.

6. The problem itself exists but remains to be idesdior discovered (as in 4
and 5) and there is a standard method for soltjrance the problem is
discovered known to the problem solver and to thers (as in 1).

7. The problem itself exists but remains to be idesdior discovered and no
standard method for solving it is known to the peoibsolver, although
known to others (as in 2).

8. The problem itself exists but remains to be idedior discovered, and no
standard method for solving it is known to the peai solver or to the
others (as in 3).

9. The problem does not yet exist but is inventedomiceived, and a method
for solving it is known or becomes known once thabfem is formulated.

10.The problem does not yet exist but is inventedoniceived, and a method
for solving it is not known.

Jonassen (2000) takes a slightly different tacksarggests two critical
attributes that something must have if it is taalqggoblem. First, there must be a
situation with an unknown which is described assarédpancy between a current state a
goal state. This is similar to the definition ussdSimon & Newell (1972). Secondly,
there must be some social, cultural or intellecuadlie to finding or solving the
unknown. The value could be either intrinsic ori@sic but the key component is that

someone feels that it is worth finding the unknodanassen (2000; 2006) believes that



there are three essential types of problems wiuioh the basis for problem
classification.

Puzzle problems are characterized by having desoagrect solution which is
arrived at using a specific procedure (Jonassed7)1@lthough multiple methods may
accomplish the same end result only the single effisient method is deemed to be
the correct one. These are problems which have consinonly been associated with
the study of cognitive problem solving, for exampleSimon & Newell (1972). Such
problems include the Tower of Hanoi, water jug peats and the nine dot problem
familiar to cognitive process researchers. Jonad€#9v) suggests that while these are
interesting from an initial research perspectiveytmap poorly onto complex real-
world problems and, as such, are not relevanttioadearning or everyday practice.

Well-defined or well-structured problems are thegech people are most
familiar with and conditioned to solve, especiafiythe school setting. For example,
when a math or science teacher writes problemarf@xam or assigns “homework
problems” they are most frequently well-definedlpems. This is likely because well-
defined problems have a definite solution procdsghvrequires the application of
concepts, rules and principles from a given knogedomain (Jonassen, 1997). In
other words, well-structured problems are gooccfacking basic understanding and
facts, something which is often the desired outcofmM@mmework and exams. Jonassen
(1997; 2000) describes well-structured problemisaasng a well-known initial state, a
defined goal and known method for arriving at aisoh. Although not explicitly
identified as well-structured the first and sectypk of problems identified by Getzels

(1964; 1982) are really examples of well-definedbpems. These are given problems



with standard methods for solving the problem asidtions can be compared to
determine correctness. One common misconceptiout aell-defined problems which
Jonassen (1997) wishes to dispatch is the ideakiik learned in solving them will
easily transfer to real world, ill-structured preivis.

The third category of problem is the ill-structdirar ill-defined problem. Unlike
puzzle problems and well-structured problems tategory of problem is frequently
tied to a specific context and the information rieggito solve the problem is not all
available in the problem statement (Jonassen, 1B8gssen, 2000). Many, if not most,
of the problems encountered in daily life are & ifhstructured variety (Jonassen,
1997; Hill & Smith, 1998). For example, problemsifial or given to engineers and
designers do not often contain all of the informatiequired to solve the problem in the
problem statement. There is also significant roomirfdividual creativity in these types
of problems as more than one correct solution maést.dll-structured problems will
often require the application of multiple domairigoowledge and judgment calls
which must be made by the problem solver (Jonad$89Y). The problem types
Getzels (1964; 1982) identifies as three throughctauld be described as ill-structured
problems in that multiple solutions might exist @hd problem and/or the method for
solving it is not fully understood.

For the purposes of this study the problems @fradt are ill-defined questions
raised for inquiry, consideration or solution. Trasindoubtedly the most frequently
encountered type of problem in the real world drad thich is faced by designers and
engineers on a daily basis. Although designersemigiheers are often asked to “fix a

problem” or are given what initially appear to belgems, they are often more
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accurately described as dilemmas, issues or sosndtiere is usually no immediately

apparent path to solution and devising a solutidhraquire the application of critical
thinking skills and creativity. The dilemma or igssmust also be somehow turned into a
problem which can be solved.
Problem posing

The study of problem solving and the desire thzetit in schools and
workplaces is not a new idea. Early twentieth cgnéducational researcher John
Dewey (1910) proposed a five-step problem solvirggess which included: (1) felt
difficulty, (2) problem clarification, (3) identifation of possible solutions, (4) testing
of solutions, and (5) verification of results. Tioeir step heuristic model for problem
solving proposed by mathematics researcher Gemiya PL957) is similar to that of
Dewey as it includes (1) understanding the probi@ndevising a plan, (3) carrying
out the plan, and (4) looking back, all of whiclndze seen in Dewey’s five steps. One
problem with models such as these are that theertiekcomplex task of problem
solving appear to be deceptively simple and caa baine of the processes which result
in the most desirable solution. In his seminal gtofdproblem solving psychologist
Karl Duncker (1945) suggests that the processnaliriig a solution is more accurately
seen as the continual reformulation of the probl@wer time this problem
reformulation leads to the discovery of “essent@bperties of the solution which,
given knowledge of the domain, will in turn dictate appropriate solution to the
problem.

It may initially seem like a radical suggestibatthe formulation of the

problem is more essential than the solution butdReanis not alone in this belief.



Scientists Albert Einstein and Leopold Infeld notled importance of problem
formulation in their discussion of the evolutiongifysics:

The formulation of a problem is often more esséfiian its solution, which

may be merely a matter of mathematical or experiedeskill. To raise new

guestions, new possibilities, to regard old prolddrom a new angle, requires
creative imagination and marks real advance imseie(Einstein & Infeld,

1961, p. 92)

Einstein illustrates the importance of problem fakation by discussing the problem of
determining whether light travels instantaneouslwbether it occupies time, as sound
does, a question posed by Galileo. Although thderastruments of Galileo’s time
prohibited him from answering this question oncénad formulated the question he
was able to discern an experimental procedure wtocitd be used, leaving the work to
be done a matter of technical and experimentdl &kihstein & Infeld, 1961). Clearly,
the experiment itself is not the most difficult paf this problem. Instead, the
formulation of the problem is the true challengd #drwe are to be good at the solving
of problems we must be good at the finding of peats.

It is sometimes the case that when the topic a@blem finding comes up it is
asked “why do we need to seek out more problem#swheworld is already full of
them?” While it is certainly the case that our widnas many issues, dilemmas and
guagmires but for these there is no immediatelyaegq path to solution (Getzels,
1979), they are not solvable in their current foReturning to our earlier discussion of

problems this can additionally complicate the categtion of problems as the initial
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dilemma may be presented to the problem solveth@uproblem to be solved remains

to be found.

Take, for example, early prairie farmers who werie @& harvest an abundance
of grain on their remote but fertile ground. Someaomay consider the problem to be
that we did not have enough roads to transporhdgoamarkets and ponder how to get
roads built in these remote areas, but takingvilel the problem domain has already
been narrowed to building roads. As it turns oatdare not the only way to transport
grain and may not be the most efficient for a dpesituation. If a river is nearby or a
number of farmers deposit grain in an elevator tieam to which a railroad could be
built these may be better solutions. Solving trebfam for these farmers is aided by
the finding or formulation of an underlying problethe transportation of grain from
farm to market, and the posing of questions sudhageasibility of centrally collecting
grain prior to shipment or the proximity of a naafide river which may provide a better
solution.

If then, the ability to solve complex and ill-sttured problems is a critical skill
and the formulation of problems or problem posingitical and early step in the
process of solving these types of problems shoelahet focus attention upon problem
finding as a desired outcome of technology andreeging education? Unfortunately,
problem finding has been largely neglected by mesess both as a whole (Getzels,
1979) and in the field of technology education (iewetrina, & Hill, 1998). It is the
goal of this study to identify the state of problénding in the high school classroom
as it relates to the solving of technological pesh$ and to compare the problem

finding abilities of students from a wide varietylackgrounds.
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Problem solving

Once a problem has been found the business dadidg\a solution to the
problem can begin. The most basic description obl@m solving comes from the
seminal work of Newell & Simon (1972) which desestproblem solving as the
transition from an initial situation to a goal stdity a narrowing of the problem space.
The initial state, sometimes referred to as thélera state, encompasses the
understanding of the situation as it exists. Takeekample the dilemma of energy
efficiency given earlier. In this case the probletate could include the thickness of
walls, amount of insulation, price of energy, tygéeating and cooling system, area
climate and many other such factors. The goal sdtee desired result and embodies
the solution to the problem. In our example of hanergy efficiency this could be the
replacement of the heating system, additional atgrn, use of passive solar design or
many other solutions all of which could reduce @iecontrol costs while improving
efficiency. The link between the problem state Hralgoal state is the search for
solutions through the narrowing of the problem gpddis narrowing occurs as the
problem solver searches through all the informatieay have access to which seems
relevant to the problem including things in theemory and any research they conduct.
Eventually the problem solver narrows the problgace enough to determine the
solution to the problem (Newell & Simon, 1972).

Even in the example of home energy efficiency ae loegin to see deficiencies
in Newell & Simon’s description of problem solvinghe problem has more than one
solution and the problem space cannot be systeatigticarrowed until a solitary

solution becomes obvious. Complex and ill-defineabfems such as those most
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commonly faced by engineers and designers cannsxlized in Newell & Simon’s

simple problem space model (Middleton, 2005).

Recognizing the deficiencies in the simple probtgrace model as well as the
extensive use of design in Australian technologg&looms Middleton (2005) modified
Newell & Simon’s simple problem space model to actdor the characteristics of
design problems including the ill-structured natanel potential existence of multiple
solutions. The revised model replaces the problate svith a “problem zone” which
allows you to start with an ill-defined and compfawoblem about which little is known.
The goal state is replaced by a “satisficing zandicating an understanding that more
than one competing goal may exist and a balanceraeg to be struck as well as the
understanding that multiple solutions may existaly, the simple narrowing of the
problem space by searching is replaced by a congglasch and construction process
where numerous procedures are used which may lstraoted or emerge. Another
critical aspect of the revised model is that ias a linear one, there remains a back and
forth between the problem zone and the search amstriction space as well as
between the satisficing zone and the search argtroation space (Middleton, 2005).
This back and forth allows the problem to be retfiand the solution reexamined as
the problem solving continues.

A focus on design and engineering

Technology education in the United States, lilgustrial arts and manual
training before it, has traditionally focused omdon knowledge and production skills
rather than on intellectual processes. In 1983ahé@mark government repoktNation

at Riskwas published. Among other indicators that the Aca@a system of public
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education was on a dangerous path it was repdradigh school students were

lacking in intellectual skills, such as problemwsng, which should be expected of
them (The National Commission on Excellence in Etioa, 1983). The concerns
identified inA Nation at Riskvere reiterated in 1991 with the publicatiorvgifiat Work
Requires of Schools: A SCANS Report for Americ@.28@ain, intellectual skills and
problem solving were identified as lacking as caitiskills in American students (The
Secretary's Commission on Achieving NecessarySKiB91). Taking note of this shift
in the workplace, Johnson (1992) wrote in doernal of Technology Educati@bout
the critical nature of intellectual skills and segtgd that the field adopt a curriculum
emphasizing intellectual skills such as problenvisgl through ill-structured, design
oriented problems.

In 2000 the International Technology Education Asstion published the
Standards for Technological Literacy set of content standards for the study of
technology in schools. Out of the twenty stand&ods are entirely focused on the
design process and several others make note ohtfgtance of design (International
Technology Education Association, 2000). Many ctigaiscientists consider design to
be a special case of problem solving (Newell & Sund72) so the inclusion of design
in standards such as these can be interpretedeagbait inclusion of problem solving.

Although technology educators in the United Stagege been slow to fully
integrate a design process in their curriculum opizets of the world have truly
embraced design as a foundation for technologyatauc The British, too, were

concerned about the gap between education andtigdug their wake up call came



14
with the release of th€érowther Reportn 1959 (Gradwell, 1996), several decades

beforeA Nation at Riskand theSCANSeport were released in the United States.

Beginning in 1963 British researcher Gerd Sommérbyéned the Technical
Activities Centre at Sevenoakes School in Kent @@ell, 1996). This center was
designed squarely to address the gap between extuead the workplace, especially
the field of engineering, through student desigpegects requiring both creativity and
problem solving skills (Gradwell, 1996). From tla¢el 1960s through the 1970s the
ideas promoted by Sommerhoff were propagated ter aithools in Great Britain and
design based problem solving slowly became a regald of the curriculum
(Gradwell, 1996). The late 1980s and early 199@stka introduction of a national
curriculum in the United Kingdom aimed at ensurihgt all students learn essential
knowledge and skills. One of the subjects seleftethclusion in this curriculum was
Design & Technology, a subject heavily influencedhte ideas of Sommerhoff almost
thirty years earlier (Atkinson, 1990; Gradwell, 99

The advent and subsequent revisions of the nataumetulum in the United
Kingdom have firmly entrenched the idea of desigd problem solving within their
technology curriculum while schools in the Unitadt8s continue to struggle with the
idea, though some progress is being made. In rereans the field of technology
education in the United States has been movingridssamore engineering and design
focused curriculum. Articles by respected techngleducation researchers (Lewis,
2005a; Wicklein, 2006) as well as the inclusiomes$ign standards in the ITEA
Standards for Technological Litera¢®000) indicate the increasing interest in

engineering and design as content and a framewottké study of technology. As
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engineering and design curriculum continue to pgapathrough American schools

there will need to be continued research which agls understanding student problem
solving both in how problem solving can be nurtuiredtudents as well as appropriate
methods for the assessment of problem solving.

The study presented here focuses on describingjaie of engineering problem
finding at three high schools in Minnesota. Eackhefschools is unique in how
students come to know and understand engineerimg.sChool follows the Project
Lead the Way engineering program, a second haidraal technology education
courses and a third which has neither but prigedfiin having extensive enriched and
advanced science courses. The student bodiessardifierent with one school located
in an exurb, the second in a rural town of modesate and the third in a first ring
suburb which prides itself in high achievement.

Students at these three high schools were aske#fégart in this anonymous
study of engineering problem finding by providingsiz demographic information
including gender and a list of high school engimegrtechnology and advanced
science classes. The students were then preseittetiwy engineering scenarios and
asked to develop and describe problems which veslo would improve each situation.
The first of the two scenarios revolved aroundeéasing the energy efficiency of
homes under development while the second asked aliown subject to flooding
issues from a local river. A copy of the instrumesed is located in Appendix A.
Problem Statement

Complex and ill-structured problems such as thesenconly found within the

design and engineering fields require that solherse the ability to define and question
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the problem itself through a process of problerdifig but the research on problem

finding in technology and engineering education inatsbeen extensive and we do not
know whether high school engineering curricula supthis critical skill in problem
solving.
Guiding Research Questions
1. How do the problems identified by students at thvié@nesota high schools
compare on known measures of creativity?
2. Does gender make a difference in the types origitgabf problems posed by
students from three Minnesota high schools?
3. Does coursework or curriculum make a differencthentypes or creativity of
problems posed by students from three Minnesota $tfools?
4. What do the problems posed by students at three@dwta high schools reveal

about their understanding of the nature of engingeér
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Chapter II

Review of the Literature

As has already been indicated in the first chajbkere has been a recent turn
towards engineering and design in the field of tettigy education. The publishing of
the Standards for Technological Litera¢international Technology Education
Association, 2000) with their emphasis on desigkesat a foregone conclusion that
design will continue to increase in importance witthe American technology
education curriculum as time goes on. Arguing thatfield should go one step further
and specify engineering design as the primary crite the study of technology are
researchers such as Wicklein (2006) and Bensenr&de(1993). When combined
with movement in the engineering field emphasizimgimportance of technological
literacy by groups such as the Institute of Elealrand Electronics Engineers (IEEE)
though their pre-university education division dhd desire of the National Academy
of Engineering to make engineering more accestibé¢udents from a variety of
backgrounds (Pearson & Young, 2002) it seems thgiheering design will become a
part of technology education.

The types of design based problems which an engjirgegesign curriculum
suggests will be somewhat different in nature ttmenassignments which have been
typical in the technology education and industaids classrooms of the past. For one
thing some researchers have called for the integraf more math and science in
engineering design (Cotton, 2002; Roman, 2001; Wick2006). Other researchers
such as Lewis (2005a) have noted that studentseactiers will need to have content

knowledge of engineering design as well.
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Engineering design and problem solving

Although there is not one unified engineering desigethod or process across

all fields or schools of engineering there is s@geeement on the basic stages of

engineering design. Furthermore, if we consideigtet® be a specialized form of

problem solving, as was indicated in chapter ond,vee consider engineering design to

be a subset of design we can begin to see thaati@n between problem solving

methods and engineering design methods. Take @onple the five step problem

solving method proposed by Dewey (1910):

1.

2.

3.

4.

5.

Felt difficulty

Problem clarification

Identification of possible solutions
Testing of solutions

Verification of results

Compare this with the thirteen step engineeringglgsrocess used in the engineering

school at Dartmouth (Garmire, 2003):

1.

2.

3.

Define the problem

Restate the problem

Develop constraints/criteria/specifications
Brainstorm ideas

Research alternatives

Analyze alternatives by trade-off matrix
Identify a potential solution

Research in detail the potential solution
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9. Design a potential solution

10. Construct a prototype

11. Evaluate prototype

12. Reiterate if necessary

13. Simplify if possible
Although the Dartmouth engineering design processgnificantly more verbose than
Dewey’s method of problem solving there are digtgimilarities. Steps one to three in
the Dartmouth process map quite well onto stepsaodetwo of Dewey’s, steps four
through eight onto step three of Dewey’s, steps aimd ten to step four of Dewey’s
and steps eleven and twelve onto step five of D&va@ye thirteenth step of the
Dartmouth model is not specifically addressed invBgs but this step is calling for the
evaluation and reiteration of the process, somgthvnich is frequently discussed in
relation to problem solving methods but which doetsoften receive its own step.

Of most interest to the purposes of this studias both the problem solving
method proposed by Dewey and the engineering desejhod used at Dartmouth
specifically include steps where the problem israef and clarified. The Dartmouth
model goes so far as to suggest that the probleradb&ted, language which is not all
that different than the reformulation of the prablsuggested by Duncker (1945). This
clarification, restatement or reformulation of ghr@blem can be understood to mean the
finding of the true problem as discussed in th& thapter. Thus, both the problem
solving and engineering design processes will requioblem finding or question

posing abilities.
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Collegiate engineering education researcherslapecaming to understand the

importance of problem finding in engineering. Atmalasuhara, Adams, Barker, Turns
& Rhone (2008) point out the skills required of rmodengineers:

“Today’s engineers must have mank skills to sucdedke increasingly

complex world of engineering work. These skillsliate, among others, and

ability to define problems as well as to solve thanwolerance for ambiguity,
design judgment, an understanding of uncertaintaanappreciation of the
impact of designed solutions on the people andrenrient they interact with.

Because engineering is situated in real contertapdity to consider broad

impacts (encompassing technical, social, econgmoidjcal, cultural and

environmental considerations) is a particularly arignt aspect of being a

successful engineer.” (p. 234)

If these skills, echoed in Hill & Smith (1998), debe required of successful engineers
they will need to be taught and assessed by enggeeducators. Thus, a need arises
to find ways to assess the success of teachingesgng students to think broadly. It is
for this reason that Atman et al. (2008) turn teeagch on problem finding where
designers explore the issues surrounding a debkigifeage and determine what the
boundaries are for the problem they will ultimatsdjve.

Atman et al. (2008) used verbal protocol analigisxamine the factors college
freshman and senior engineering students tookaic¢ount when designing a flood
retaining wall system for the Mississippi River.el$o called ‘Midwest Floods’
problem was designed to be both something encaadtierthe real-world by engineers

and a problem which is ill-structured. The verbaitpcol of participants was coded
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based on the physical location of factors they waansider (wall, water, bank, and

surroundings) as well as the frame of referenagh(tieal, logistical, natural, and social)
by two coders.

As a result of their study Atman et al. (2008)digered that both freshmen and
senior engineering students considered broad, xiiiessues in the formulation of
engineering problems. Further analysis suggestddtiere are differences between
freshmen and seniors in problem scoping, bothrmgeof the quantity of factors
considered and the breadth or variety of factorsicered. Based on this and other
analyses Atman et al. (2008) suggest that as emxgigeow from novices to experts in
problem scoping they begin to continually revisifdem scoping throughout the
design process rather than concentrating mostsgdy@havior at the beginning of the
process. It is further suggested that the Midwlesidls problem could be useful in
evaluating the success of design education efforts.

In 1984 researcher Jonathan Smilansky noted betbritical importance of
problem formulation and question posing while aisting that little research had been
done on the relationship between problem solvirdy@oblem finding and question
posing. In an attempt to fill this void and conntiet ideas of creativity and intelligence
Smilansky set about designing a multi-part emplistady to assess what, if any,
relationship existed between problem solving apditd problem finding or question
posing ability.

One major hurdle for Smilansky’s (1984) study wreet problem finding studies
to that point had primarily utilized observationafelatively small sample and did not

have a scoring system conducive to large samplas.réquired Smilansky to develop
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both a paper instrument which could be administerepiantity and a scoring system

to link problem solving ability with problem findgnability. Because the investigation
was to look at this link Smilansky wanted to remtive influence of both content
knowledge and prior experience. To achieve thishendettled on using a variation of
the Raven Progressive Matrices test where heafslstd students to solve a series of
matrix problems and then to invent their own mafiadilt matrix problem.

Smilansky (1984) concluded that although only iy Vew correlation existed
between problem solving scores and the abilityréate new problems a relationship
did exist. By noting that participants wither perfeed well or poorly on both tasks, or
their problem solving ability exceeded their capator problem invention he
determined that the creation of new problems isenlifficult than solving existing
ones. Smilansky further suggested that the ahdigolve problems was a necessary but
not sufficient condition for inventing new problems

These results indicated to Smilansky (1984) tatdifferent intellectual
processes were taking place. He further suggelsttdteativity is centered on the
ability to pose high level problems while intelligee is reserved for the ability to solve
problems identified by others. In this way intediigce would be seen as the ability of an
individual to apply knowledge and experience aschwhile creativity is seen as the
more desirable and higher order ability to formeildite problem (Smilansky, 1984).
Problem finding in schools

Problem finding is not solely the domain of coy@tpsychologists and others
studying the problem solving process. Within thiejects of math and science problem

finding and question posing have been identifietbgsgimate methods for teaching and
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learning. In the 1960s mathematics researcherh&teprown and Marion Walter

taught a series of courses on problem posing atifimeard Graduate School of
Education (Brown & Walter, 1990). These coursesaweitially only designed as a
small extension of the work on problem solving iatmby George Polya but turned out
to be the beginning of extensive interest in probj@sing. In the subsequent decades
Brown and Walter taught a number of seminars oblpro posing at colleges around
the country. In their 1983 and 1990 bodkee Art of Problem PosinBrown and
Walter suggest that when teachers step away frertrakitional format where they and
the text are the authority and ask questions fafesits to answer and move towards
encouraging students to ask questions there afeym effects on student learning.
While they note that it has been good pedagogytowage students to ask questions
for some time the types of questions that studgpisally ask are of the procedural
nature and not deep or particularly insightful (Bro& Walter, 1990). The goal of their
work is to encourage teachers to incorporate prolesing by students into the
introduction of new material in a way which slowe tstudents to build relationships
between new and old concepts and cement understandi

Brown and Walter are not alone in encouraging eratitics teachers to utilize
problem posing in the classroom. The National Cdwiceachers of Mathematics
(NCTM) has also suggested problem posing for usedthematics education (National
Council of Teachers of Mathematics, 1989; Natiddalincil of Teachers of
Mathematics, 1991). Many additional mathematicscatian researchers have noted the
central importance of problem posing in mathemadthgcation (English, 1998; Silver

& Cai, 1996; Silver, Mamona-Downs, Leung, & Kenn&996). At the same time
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English (1998) noted that despite this importahesd has been limited research on the

ability of children to create their own problemsiam the success of curriculum
targeted at improving their problem posing skiigver & Cai (1996) also suggest that
much of the interest in mathematical problem posiag been at the elementary level
and that practitioner interest has outpaced theareh on problem posing specifically
citing the assessment of problem posing as ancdneeed. Another potential concern
for mathematics educators is that much of the rekahat has been conducted on
problem posing refers to problem posing as the ig¢ioa and reformulation of
problems which allows for the solving of them aswaggested in the first chapter. In
contrast much of the interest from mathematics atdus is in the actual process of
problem posing itself and the creation of probldrased on experience and curiosity
(see Brown & Walter, 1990), an area in which thiemauch less hard research (Silver
et al., 1996).

Mathematics is not the only school subject witleiast in problem posing.
Despite the perceptions of students that scienabast the study of scientific laws and
facts there is a strong interest in the thinkingd tre ability to solve conceptual
problems requiring intellectual skills (Dori & Hexvitz, 1999). Along these lines there
is increased interest in alternative evaluationho@s$ which would allow for the
measurement of these skills in students. One methggdested by Dori & Herscovitz
(1999) was the measurement of problem posing att@mative method for evaluation
in science. Shodell (1995) has also suggestedtpamary function of science

education should be the development of problemngosapability in students.
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Echoing many other authors, Hoover & Feldhusen @18@d Hoover (1994)

suggest that the ability to formulate effectivelgems is a critical skill with an impact
on subsequent student success. They argue spkgifice while much of science
education is focused on the testing of hypotheggea area of need exists in teaching
students to develop appropriate hypotheses, agsdbey suggest is the manifestation
of problem finding in science. In an effort to exyd this line of inquiry two similar
studies were undertaken by the researchers.

Both Hoover & Feldhusen (1990) and Hoover (1994ized similar methods to
explore hypothesis generation as problem findingragyifted ninth grade (Hoover &
Feldhusen, 1990) and fifth grade (Hoover, 1994deis. In both cases relationships
between cognitive variables such as scores ondigai@ve Abilities Test (CAT) and
Differential Aptitude Test (DAT) and non-cognitivariables such as scores on the
Intolerance of Ambiguity test, the Attitude Towafioblem Solving inventory, the
Science Attitude Questionnaire and gender were gamThe 1994 study also added
the dimension of verbal creativity though an adstnaition of the verbal form of the
Torrence Test of Creative Thinking. Both studiesdua written form of Frederickson’s
Formulating Hypotheses Test, scored by a paneldggs, to assess the ability of
participants to formulate hypotheses for severalistc scientific situations.

In both the 1990 and 1994 study the researchergifon practically significant
relationship between the measured variables aridrpgance on the formulating
hypotheses test. They also found no relationshiyvden gender and hypothesis
formulation ability. It was noted in the 1994 stunffifth grade students that the ninth

grade students studied in 1990 did quite a biebeathd was further hypothesized that
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the quality and quantity of scientific problemsdstats are able to formulate increases

with age.

The results of the study by Dori & Herscovitz (19#8icated that problem
posing can both be used as an alternative evatuateihod for case-based learning in
the science classroom and the inclusion of a prolglesing component to these cases
can measurably improve student performance on memasiiproblem posing. Though
not yet as extensive as the interest in mathemiiére appears to be continued interest
in the study of problem posing by science educators

Although the use of problem posing itself as aheagrand learning tool by
mathematics educators is interesting and doesdw@we potential to add to the
literature on problem posing it is not as relevanéngineering design as the use in
science. Much like technology educators, sciencea&ors have seen the development
of critical thinking and problem solving skills assential part of their curriculum. It is
in this effort to encourage scientific thinking acwhceptual understanding that science
educators have become interested in problem findihg research by Dori &
Herscovitz on problem posing as an alternativeuatadn method might be of special
interest to the engineering and technology educdigd. Similarly, the research by
Hoover & Feldhusen (1990) and Hoover (1994) on kiypsis development, a task
central to science and which they suggest is ngssilscience education, suggests that
engineering problem finding may be a critical bussmg link in engineering education
and warrants closer examination.

Educational researchers Lee & Cho (2007) also ld@keroblem finding in

science. Their interest in problem solving comesifthe view that problem
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identification is the first step in good problemvsiog and leads to more effective,

innovative, and creative solutions. It was the gddheir study to understand what
variables might affect scientific problem findingan effort to determine areas which
could be targeted to improve student scientifidopgmn finding ability.

To go about this exploration of scientific problémding Lee & Cho (2007)
measured several variables though a series ofvibaéts they believed may have an
effect on problem finding. The variables measuredevintelligence, scientific
knowledge, science process skills, divergent timgkintrinsic and extrinsic motivation,
personality traits and creative home environmenaddition, Lee & Cho (2007) felt
that some of the discrepancies in prior problerdifig research may be explained by
how structured the situation presented to studeass In an effort to test this they
administered two separate problem finding testsiwiiey developed. One group of
students received a moderately structured scenduile another received an ill-
structured scenario. Student responses were sbgradrained panel of judges on
measures of appropriateness, originality and e&dboess.

The results of the Lee & Cho (2007) study indicdteat students were more
likely to find appropriate, original and elaborat®blems in the ill-structured scenario
than in the moderately structured scenario. Intamdithe effect of the measured
variables changed based on how structured themisgsscenario was. One of the
interesting findings was that in the ill-structurgtiation scientific knowledge was a
predictor of problem finding performance (Lee & CRBO07). Based on this finding Lee
& Cho encouraged curriculum developers to conssdemntific knowledge in

curriculum designed to boost scientific problendfilg performance. Conversely, ill-
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structured problem finding performance may be iate of knowledge and useful for

knowledge assessment.

One of the major issues teachers have with problesed learning and the type
of team oriented design problems that are encodragengineering curriculum is the
difficulty in assessing student performance. De$gso often a subjective assessment,
something that can be difficult to justify to pateand students even when rubrics are
used. Furthermore, the group process which is éetipiused in these scenarios can
leave a teacher with little information about thaking which went into a design and
which might be of use in determining a grade. Tée af problem posing as an
alternative evaluation method has the potentigivte teachers some additional
information about student thinking and the creagix@cess which led them to a specific
design, something which would be of certain intefeisinstructors who are frequently
asking students how they arrived at a particulargte
Creativity

Until Guilford published his seminal work on credt in 1950 psychologists
and cognitive scientists had largely ignored iaa®in of research (Getzels &
Csikszentmihalyi, 1976). Since that time thereliwsn an explosion in creativity
research which has frequently centered on probtdwing (Weisberg, 1988). Despite
this focus much of the research was conducted ubagxtremely well structured and
defined puzzle type problems which are not condutivan examination of creative
problem solving (Jonassen, 2000). Furthermors, dften the case that researchers
looking at problem solving will largely neglect at&ity in their study. For example the

seminal study of human problem solving by Newelb&on does not even include
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creativity in the index. Still, the interest inkimg problem solving and creativity

remains strong. Noted researcher on creativitydavaloper of th@ orrance Tests of
Creative Thinkindge. Paul Torrance (1966) states that:

“Creativity is a process of becoming sensitive rtolglems, deficiencies, gaps in

knowledge, missing elements, disharmonies, andsaentifying the difficult;

searching for solutions, making guesses or forrmgatypotheses about

deficiencies, testing and re-testing these hypethasd possibly modifying and

retesting them, and finally communicating the resul
This view of the creative process is not all théedent from the problem solving and
engineering design processes we have already detuls fact some examples of the
creative process seem to be derived from the eagigedesign and problem solving
processes. Take for example the creative processified at General Electric
(McPherson, 1964, p. 133):

1. Define the problem

a. Establish the problem
b. Investigate approaches

2. Search for methods

3. Evaluate all methods

4. Generalize the results

5. Select method

6. Make the preliminary design

7. Perform test and evaluation

8. Generalize the results
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9. Find the best solution

Although this has been identified by McPherson aseative process it looks very
much like an engineering design process which ma&ase given the tie to General
Electric, a firm more known for engineering than &ot. Aaron Blicblau and Joseph
Steiner (1998), in an article about creativity amgjineering, suggest that it is the
process of solving problems itself which instilie theed for creativity in engineering.
Indeed, there is much literature which links cnagtiwith problem solving. For
example, Weisberg (1988) explains the solutiongafly given to Duncker’s (1945)
candle problem as creative responses to a novelisin.

The conclusions of Weisberg tend to agree withPikins’ (1990) discussion
of what constitutes creativity. According to Peskimefore we can understand creative
thinking we must understand what people identifgrastive thinking, usually related
to an outcome. Also, it is not just traditionalatiee activities such as painting, writing,
music and theater which can be creative outconme&irt3 believes that creative
outcomes can include “poems, paintings, scierntifeories, business plans, jokes,
flower arrangements, cakes, games, and conversa(ip@90). By extension it would
be possible to include the solutions to engineediegjgn problems among these
creative outcomes. As for what makes the outcomesdsult of creative thinking,
Perkins believes that it is ideas which are botvehand appropriate to the situation
which are identified as creative ideas (1990).

There has been some debate within the psycholagioamunity about whether
or what type of relationship exists between crégtand intelligence. In his seminal

article Creativity Guilford (1950) notes that although laypeople maldve creativity
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is only within the grasp of gifted individuals helieves that it exists to some degree in

everybody as we all partake in creative thinkirapirtime to time. As evidence of this
belief he notes that the term genius, originallgdig describe the exceptionally
creative, has been co-opted and is now used teideshose with exceptionally high
IQs (Guilford, 1950). Furthermore, it is noted tBatet’s 1Q test has been validated for
use primarily as a predictor of academic perfornreanaeading and mathematics and
as such has limited applicability in the creatieengin (Guilford, 1950). Despite
Guilford’s insight into creativity and his belidfdt we must look beyond general
intelligence when examining the domain of creajivié still believed that it was
individuals with exceptional levels of fluency,Xibility and other extraordinary
thought processes who did creative things (Guilf@8b0; Weisberg, 1988). This has
been largely discounted by more recent researbbwgh the idea that there is
something abnormally special about creative peopiginues to pervade society
(Perkins, 1990; Weisberg, 1988).

One of the challenges in studying creativity &ttbf predicting and measuring
creative performance, especially on a large sddileeh of the older research on
predicting creativity used standard measures adrdent thinking such as the Uses,
Instances, and Similarities tests by Wallach anddto(Okuda, Ruco & Berger, 1991).
In an effort to improve upon these measures Okudh €991) and Chand & Runco
(1993) began to examine the use of real world erolfinding as a predictor of creative
performance. These two studies utilized writtembpem finding and solving exercises,
standard measures of divergent thinking and thattveeActivities Checklist. The key

observation of both Okuda et al. (1991) and CharRiu&co (1993) was that real world
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problems and problem finding tasks can be signmitigamore predictive of

extracurricular creative activities than traditibdevergent thinking tests.

Although variables such as personality, valudsinsic motivation and
discovery orientation have been suggested as poesliof creativity these, by
themselves, leave much variance to be accountg@ikszentmihalyi, 1994). It is in
this frame of mind that Csikszentmihalyi came tbdwe that creativity is more than
just an individual trait and that it is based isogial and cultural context. According to
Csikszentmihalyi the difficulty in studying creatiwcomes from the difficulty of
defining it. In other words, all measures of créiticome down to a judgment call at
some point. There is an individual or panel of uidiials who must determine if
something is creative or not. Even under the bestimstances these evaluators are
bound by the current values and norms as theyrdatercreativity. It is even true that
in some cases individuals who were not consideagticplarly creative by themselves
of their contemporaries are later judged to betedased on their contribution to
overall development. Thus, Csikszentmihalyi conetlithat “creativity is not an
attribute of individuals but of social systems nmakjudgments about individuals”
(1994). Although this does not reduce the imporarfccreativity it does mean we need
to consider more than the individual when we exanaireativity, we must think about
the environment.

Creativity in engineering design

While it is the case that many engineers areaiihytdrawn to the profession by

an interest in gaining the ability to solve realrdgroblems, problems which would

require creative solutions, these are not the tgb@soblems which they frequently
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encounter in the engineering schools (Blicblau &irgtr, 1998). In contrast, there is a

concern among some engineering educators thahtfieezring science based
curriculum which pervades most schools of engimeghias the opposite effect, that of
stifling creativity (Blicblau & Steiner, 1998). Niag that engineers must frequently
work within the confines of legal requirements, ta@guirements and material
properties Blicblau & Steiner (1998) believe thezmains a need to foster creativity in
these students. One way they propose doing thi®iggh the integration of capstone
projects. It is their belief that these projectaudate realistic design scenarios and
improve students’ understanding, motivation anciivey (Blicblau & Steiner, 1998).

There is also a concern among the engineering@gsafn that problem solving
has become too analytical and procedural (Lumsd@aibemsdaine, 1994). The
concern is that students in engineering school¢earaing “engineering by formula”
and are being taught with neat problems which malter be seen in the real world and
which do not transfer well to the complex natureeal problems. This “plug-and-
chug” method of engineering is not only what indiest hiring engineers want to avoid,
it is also a less efficient method of arriving ataution (Lumsdaine & Lumsdaine,
1994). What Lumsdaine & Lumsdaine propose is thatents be familiarized with
working in real-world contextualized situationsdtighout their engineering school
careers and that creativity in design is encouragtter than discouraged.

This is not to say that engineering schools drdistouraging creativity or the
creative design process. Quite the contrary, sargmeering schools have made
tremendous efforts to include creativity withinitheurriculum. Even going back to

1960s there were engineering educators concerrad aiftorporating creativity within
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their curriculum. In their discussion about the artance of creativity in engineering

Mathews & Bailey (1965) discuss their course iratike problem solving for
engineers. They note with concern the “one probdem-solution” belief among many
engineering graduates of the day as well as thdHatvirtually all leaps forward in
engineering have been the result of someone baitiggrto depart from conventional
thinking and take a risk with an original idea (Mexvs & Bailey, 1965). Like
Lumsdaine & Lumsdaine (1994) they believe thatiticleistries which employ
engineers are more interested in those engineénscvaative abilities than those with
only technical skill (Mathews & Bailey, 1965). Th&yther go on to cite the existence
and success of a formal training program in existesince 1937 at General Electric to
encourage creativity within graduate engineersvateace that creativity can in fact be
enhanced by instruction (Mathews & Bailey, 1965).

Although the course described by Mathews & Bad®ps short of encouraging
extensive problem finding by students it does darttae seeds of such an idea. For
example, students are asked to “Submit an idemé&asuring when highway signs need
cleaning” (Mathews & Bailey, 1965). While this psapposes that the problem is the
highway department needs a system for keeping thalhen signs need to be cleaned
there are other possibilities. The creative studerkamining this dilemma might
instead ask how the signs get dirty in the firsicpl or if there isn’t a way to reduce or
eliminate the need to clean signs. This type oblem finding, though not explicitly
included in the course, would seem to be encouragedcreative solution to the
problem. There is one project in the course wheeestudents are expected to find and

solve their own engineering problem. Towards the @rthe course students are asked
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to form groups and then select and solve an etettengineering problem which has

not yet been solved or to make a major improvenmeah existing solution (Mathews
& Bailey, 1965).

Pappas (2002) too believes that creativity ibathteart of engineering but has
been largely neglected by schools. Citing the iasirggly complex issues which
engineers are asked to address as well as theingargjure of technology and a
complex society he believes that engineers canfibémen the type of creative
thinking which has can bridge between engineerongepts and real-world problems.
Despite the calls for innovative engineers by itiduBappas believes that engineering
schools have been slow to respond. It is suggélsteatlassroom activities such as
reflection, writing, visualization, brainstorming@non-argumentative conversation
support the development of creative problem solgikiis and creative thinking
(Pappas, 2002).

In their study of creativity in design Dorst antb€s (2001) note the importance
of defining and framing the problem in the devel@minof creative design solutions.
They further indicated that “The designer decidésito do (and when) on the basis of
a personally perceived and constructed design tdsie creativity of the design is thus
influenced by all these factors.” (Dorst & Cros802). In other words, the designers
individually found and reformulated the dilemmajythveere given and this was a critical
step in the design of creative solutions which esdlsimultaneously with the
designers’ understanding of the problem.

Engineering educator and researcher Richard FEL87) believes that the

most troubling problems facing society today “haaptovide all our citizens with
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adequate and affordable food, housing and medarel efficient and economical

public transportation, clean and safe energy” g2)2vill require creative problem
solving on the part of engineers. Furthermore,uggssts that those responsible for
educating future engineers, the engineering facahguld be responsible for ensuring a
supply of creative engineers or at the very leastiiscouraging engineers from being
creative. Yet, he believes that for all the tallpodblem solving and critical thinking
there has been little movement in engineering dshenway from the traditional
methods of doing things where students are givetailes, homework and quizzes
which revolve around well-defined problems (Feld&87). Although this method for
presenting information is efficient on the parttoé instructor it does not encourage
creativity on the part of students and leads themrdthe path of relying on facts and
laws rather than the development of new and creddiwas with the potential for lasting
impact. Along with other activities aimed at enamying creativity within his students
one of the questions which Felder (1987) often gjteehis students is to come up with
a problem where specific engineering concepts npghte useful. This type of
backwards question in which students are askeddaaf problem is indicative of the
creative thinking Felder wishes to encourage.

In much the same way that creativity has formedcktrop for the study of
engineering and design in the professional fietds must creativity inform the field
of engineering and technology education. Studexgmso be both motivated and
interested in the ability of engineering and des@solve real-world problems in
creative ways. Curiously, one of the issues listgdatthews & Bailey (1965) in their

creative problem solving course was that studestsiine too interested and involved in
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their course to the extent that excessive timelveasg spent and other coursework

neglected. Although there has been a focus on eagirtg science in schools of
engineering there is some evidence of backlasmsigtiis and technology education
must be careful about embracing the fact-basedeaacdt nature of science and
engineering when the ill-structured and complexbfgms which we expect and hope
that engineers are able to solve are frequentldaly the inclusion of creativity rather
than mere technical skill. We must also see thevatddnal nature of creativity in the
curriculum; one must only look as far as the cleilds literature section of a library and
the popularity of books and projects in the styfl®abe Goldberg to see that the
interests of children are captured by the creatolations to everyday problems.
Creativity in art

Perhaps the most quintessential discussions aficity revolve around art.
Artists and musicians have been identified as ‘toregeople” for centuries and have
become forever tied to the literature on creatiaityl problem finding because of their
selection as subjects for a landmark longitudinadyg by Jacob Getzels and Mihaly
Csikszentmihalyi (1976). Their study began as sangit to determine what indicators
of future success, which in the art world is oftersed on perceived creativity of the
artist, might be indentified in art schools studdmit what they ended up with surprised
even them.

Getzels & Csikszentmihalyi noted that in orderrtdyt examine the creative
nature of artists they would need to look beyoralfthished products and observe the
creation of art (1976). Beginning with studentshat Art Institute of Chicago, students

who had made a commitment to becoming artists, Itlegyan to explore the process of
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creativity. Although there was some existing litara on the creativity of artists it was

at best vague and tended to describe creativitysadbconscious impulse which is
somehow translated onto the page. Investigatocseaitivity had usually started by
observing the response to a presented problenatia that Getzels & Csikszentmihalyi
decided would not work. Instead, they focused endiévelopment of the problem
which is often where creative thinking beginssilin this stage of problem development
where creativity takes hold and a problem is fouwith leads to a creative solution
(Getzels & Csikszentmihalyi, 1976). With this inmdiGetzels & Csikszentmihalyi set
about studying creativity based on the problemifigaf artists.

What they discovered was more than knowledge, teahskill or
craftsmanship what set apart successful artisis fhwse less successful was their
ability to find problems (Getzels & Csikszentmihal976). Even more so than as a
longitudinal predictor the art students who showeidience of a problem finding
process produced more creative works than themteoparts who viewed art creation
as a problem solving process (Getzels & Csikszdralyi, 1976).

The results of the Getzels & Csikszentmihalyi gthdve profound implications
for the inclusion of engineering design in the teabgy education curriculum. Lewis
(2005b) has suggested that creativity is the undeipy of much of what we do in
technology education, particularly the design arablem solving aspects encouraged
by theStandards for Technological Litera¢ihternational Technology Education
Association, 2000). Lewis (2005b) argues that degiges us reason to step outside of
traditional well-structured problem solving apprbes and into creative solutions. If we

are indeed seeking to encourage students to fiadl @md appropriate solutions to the
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dilemmas with which they are presented problemirfigavill need to be a critical

aspect of the curriculum although thus far it hasrblargely neglected (Lewis et al.,
1998; Lewis, 2005b).
Summary

The increasing importance of engineering and esgging design within the
technology education field presents new challerfigethe technology educator,
particularly as it related to the development asgeasment of new curriculum.
Successful engineers are able to deal with amlyiguicertainty and understand the
broad implications of their designs and succesafigineering education curriculum
addresses these areas. Engineering design hapiesented as a specific case of
problem solving which begins with the problem fimglior scoping process and which
drives the selection and quality of the ultimatkison.

Another mark of quality engineers is the abiliyfind creative solutions. Creative
solutions, as a goal of the design process, ameueaged through the exploration of
creative problems. The idea of problem findingas unique to engineering education.
Education researchers from the math and scienids fimve been exploring the benefits
and relationships of problem finding at the K-12dkfor a number of years.

Problem finding researchers have utilized manfeght methods of assessing
problem finding ability. The most common assesssehproblem finding ability have
relied on paper and pencil instruments which aceestby a panel of trained judges on
one or more measures of creativity including fldikyg fluency, originality and

elaborateness.
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Chapter IlI

Method
Keeping in mind that solving complex and ill-stiwred problems is a major
tenet of engineering and technology education culaiand that this requires the
problem solvers have the ability to define and tjoaghe problem itself through a
process of problem finding it is the goal of thisdy to explore the influence of
engineering and technology education courses oprtitdem finding ability of
engineering and technology education students.this goal from which the four
guiding research questions were derived:
1. How do the problems identified by students at thv@@nesota high schools
compare on known measures of creativity?
2. Does gender make a difference in the types origitgadbf problems posed by
students from three Minnesota high schools?
3. Does coursework or curriculum make a differencthentypes or creativity of
problems posed by students from three Minnesota $gfools?
4. What do the problems posed by students at three@dwta high schools reveal
about their understanding of the nature of engingeér
This chapter will examine the methodology and pdoces used in this study
through the lens of related areas of study. Thetehaonsists of two primary sections.
The first section will explore methodologies andgedures used in the past for the
study of creativity, design, and problem posing; tiree areas of research most closely

associated with this study. The second sectionprdlVide details about the procedures
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and method used in this study including informatisout the variables measured, the

setting and the instrument used.
Methods for studying creativity

Interest in the measurement of creativity is sdmgtwhich developed
primarily in the second half of the twentieth cegtwPrior to this creativity had been
considered the domain of the genius and a myst&poacess which could not be fully
understood. If creativity was an inherited traitooe received by chance there would be
little purpose in measuring it beyond the worthhedf products created. Once creativity
began to be viewed as a valuable social trait tichvall might aspire and interest arose
in the teaching and nurturing of creativity therasvan explosion of interest in the
measurement of creativity so that these efforteach and nurture creativity might be
evaluated (Mooney & Razik, 1967).

Before one can begin to measure creativity tharstioe a definition which
clarifies what about creativity is to be measutadsuilford’s (1950) seminal article on
creativity he suggests that creative behavior stsif activities such as inventing,
designing, contriving, composing, and planning.dgasn his work other researchers
such as Hitt & Stock (1967) indicate that origitals the primary concern of creativity
an idea expanded on by Goldman (1967) who descriteegivity as original, inventive
and novel ideas.

If original, inventive and novel ideas are theammhes of creativity we are still
left at somewhat of a loss on how to measure tlieses as they are, at least to some
extent, subjective measures which vary not onlgysiuator but by time and place. For

example, using the Earth’s magnetic field to tekction was no longer novel in Asian
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cultures by the time it was ‘discovered’ by someative Europeans. Although it can be

difficult to reconcile these differences in timedgslace when measuring creativity there
has been much work done addressing the concesubjEctivity.

Much of the early work in creativity involved tiise of traditional measures of
achievement such as school grades and traditioteligence testing (Taylor &
Holland, 1967). From a procedural standpoint tiveseld make ideal measures of
creativity as there had already been significaspeaech on measures of educational
assessment. Unfortunately, both school gradesrdelligence proved to be poor
predictors of creativity as they do not often cewie or reward creative activities
(Taylor & Holland, 1967). Instead, there would néede new measures of creativity
developed.

After much analysis of intelligence tests andrtineliation to creativity
researchers such as Guilford and Thurstone begseetoreativity as the combination
of multiple factors which could be measured segdydiaylor & Holland, 1967).
Guilford (1959) identified some of these factoraginality, adaptive flexibility,
spontaneous flexibility, ideational fluency, exmiesal fluency, associational fluency,
word fluency, sensitivity to problems, visualizatjgudgment and redefinition.
Guilford’s factors, to one degree or another, seehmve been generally adopted as
measures of creativity by other creativity researst{Burkhart, 1967; Goldman, 1967;
Taylor & Holland, 1967).

With the measures of creativity defined researchkeuld develop specific tests
for creativity. Taylor & Holland (1967) describectiuse of word association, describing

uses for things, identification of hidden shapablds, makeup problems, inventive
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manipulation, identification of alternative solut®to frustrating situations in well

known children’s stories, ask-and-guess tests amtdhproblems as specific tests
which have been used to measure creativity. Theste are not without problems
though. Goldman (1967) notes that tests of cragtwhich encourage divergent
thinking are often difficult to score because thisraot a constrained set of factually
correct answers. Guilford (1967) underscores tiifedlity and notes that much of the
measurement of creativity relies on the subjedtidgments of observers. One method
of improving reliability suggested by Goldman (19@nd Guilford (1967) is the use of
a panel of well-instructed raters on measuresedtority. This solution was
implemented as jury panels by Getzels & Csikszemihyii (1976) in their seminal
study on creativity in art.
Methods for studying engineering design

Although many researchers have studied the engngegesign process, much
of their research has been confined to structureshiiewing, observation and verbal
protocol analysis (Atman, Chimka, Bursic, & Nachtmal999; Cross, 1999). While
these types of studies can provide a great degthafledge about the design process
they tend to focus on understanding the processigitra very small group of designers
and not on surveying the abilities of a large grolipe goal of this type of research
seems more to be the identification and exploratioa design process or model than
determining who is good at design or why they Brethermore, although there is
recognition among design scholars that engineetasign is a type of problem solving
there have been few studies which specifically e@rarthis link or discuss the problem

finding aspect of engineering design.
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The most common method for studying the designgs® appears to be think

aloud verbal protocol analysis (Atman et al., 1998rst & Cross, 2001). This type of
research involves participants verbalizing thougimd actions as they work through a
design problem. Instead of asking the participameflect on the design process and
thus distract them and introduce their own thougfmsthink aloud process is designed
to provide as little interruption as possible afidva conclusions to be drawn about the
cognitive processes being employed by the partitipa they go about their task. The
recorded protocols are transcribed then segmenigda@led by the researcher in an
effort to analyze the design process or methodology

A typical verbal protocol analysis study such @aan et al. (1999) includes
coding for the design step, current activity of gagticipant, type of information being
processed and object being considered. These qudaxtols are then analyzed
depending on the specific nature of the researeltiqpuns. For example, in the Atman et
al. (1999) study they were primarily concerned wdiffierences in the design stages
used by freshmen and senior engineering studentglaas the amount of time
students spent in each of these design stages.
Methods for studying problem finding

Research on problem finding has not been solelgldmain of either
guantitative or qualitative research though thergoime preference for quantitative
methods. The preference is understandable whertdrisidered that research on
problem finding grew out of research on problenvisg) undertaken by educational

psychologists. Even those studies which employ daitaction methods often
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associated with qualitative studies such as int@rsiand observation are frequently

guantified for analysis of problem finding.

Much of the foundational research in problem firgdhas been conducted using
what might be called quantified observation. Teishnique relies on observation of the
problem finding process in a way which is evengugliantified for further analysis.

For example, Allender (1969) studied the problemdifig ability of elementary school
students using this technique.

In the Allender study the students became thelsited mayor of a small town
and had to address those issues common to thisfliwerk using the documents and
information provided by the researcher. The stuslergre observed as they went about
the process of playing mayor and the amount of timeg spent looking at various
documents was recorded by observers. These ‘intjmes’ were then analyzed by the
researcher who drew conclusions about the willisgra students to engage in problem
finding behavior without external feedback.

Another example of quantified observation candastl in the Getzels &
Csikszentmihslyi (1976) study on problem findingan. Participants in this study were
observed as they created artworks from still liid ¢heir problem finding was
guantified at various stages of the process. Aptelem formulation stage problem
finding was evaluated based on the number of abjeeinipulated, uniqueness of the
objects chosen and exploratory behavior duringctele and arrangement. The
uniqueness score was inversely related to the nuoflatists who chose to work with
particular objects so that a higher score corredpdnvith objects less frequently used

and exploratory behavior was scored based on &rwhere the more closely an artist
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examined potential objects the higher their sc@etfels & Csikszentmihalyi, 1976).

Other scores such as openness of problem strudisoeyvery-oriented behavior,
changes in problem structure and content are reddrda similar manner. Although
Getzels & Csikszentmihslyi did conduct interviewishvtheir participants related to
problem finding the answers to their questions vegrantified for further analysis.

Not all research in problem finding is strictlysglovational or reliant on
interviews though. In a thesis study at Griffithsitersity in Australia researcher Peter
Tracy (2005) utilized verbal protocol analysis tody the problem finding ability of
high school industrial design students in Queemstmools. Participants in this study
were given an initial dilemma which they were asi@dddress by designing a device.
As they worked through the design process they asgked to verbalize their thinking
and this was recorded for transcription and latedyssis by the researcher.

Although many researchers investigating problerdifig including Getzels &
Csikszentmihslyi (1976), Tracy (2005) and Allen@E969) utilize some from of
observation or manipulative task to look at probferding there have been alternative
methods used. The most common alternative to tmesleods are paper and pencil
instruments designed to elicit problem finding babafrom subjects. Paper
instruments have been used by Chand & Runco (18&R®)yer (1990; 1994), Okuda,
Runco & Berger (1991), Smilansky (1984), Lee & GR007) and others. While the
earlier work by Smilansky (1984) asked participdntdevelop progressive matricies
test items which use simple geometric pattern miagci he thinking behind this was
that it would eliminate prior knowledge and langeagills which could complicate the

measure of problem finding ability.
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Just as with the study of problem solving whicitialy focused on well defined

and well understood puzzle-type problems in anrefounderstand the nature of
problem solving but from which grew a later pushbfiom researchers who saw this
as unauthentic and not transferring well to reallevproblem solving of ill-defined
problems so has a pushback been seen in probldindirNot all researchers agree that
creating problem finding tasks devoid of context significantly advance our working
understanding of problem finding ability. Okudaakt(1991) followed by Chand &
Runco (1993) make specific mention of using reatldvproblems which participants
can relate to as part of their research strategpngdsimilar lines, the work of Lee &
Cho (2007) asks students to devise a problem diolysgiven a broad area of inquiry. In
this case students are familiar both with the nmaterich is locally relevant and the
devising of a problem for study which is frequeniBeded by students in the school
setting.
Design of this study

As has been noted in previous chapters thergiesat interest in developing the
real-world problem solving ability of students, setimng which is seen as imperative
both for their individual success as well as ourcess as a nation. If students are to
fully realize their potential as creative probleaivers they must have a school
experience and curriculum which supports that gahalwe have also learned, the
finding of the problem to be solved given an iniddemma is a key aspect which sets
the tone for the entire problem solving proceswelt as the eventual success or failure

of the solution. Therefore, it is critical that @tnod exist for the comparison of
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problem finding across curriculum and environmemwitich purport to aid in student

learning of critical problem solving.
Variables and instrument design

Before this study could be undertaken a suitaidgument and method for the
evaluation of engineering problem finding abilityeded to be developed. The design
of this instrument was driven by several factorsstrand foremost, the data collected
needed to support answering the three guiding reflsemestions. This necessitated the
collection of certain demographic data includingdgr and coursework history for
engineering, advanced science, and technology gédaoadasses taken in high school.
It also meant devising some method of capturingraedsuring the ability of students
to find engineering problems. Secondly, the desigs influenced by the need to gain
acceptance of both the University of Minnesota B8 individual school and district
gatekeepers. This suggested a completely anonydatasollection method and
instrument. A copy of the instrument is includeddippendix A.

Because of the lack of prior studies on engingepioblem finding the
development of this section was a combination efrttany methods used in the past to
study both engineering design as well as creatitgm engineering design literature
came the idea of presenting design challenge sosrand asking students to identify
problems that they might choose to address if thene an engineer faced with the
situation. From the creativity literature came thethod for converting student
responses into quantitative data, a process whiltlevdescribed in more detail later.

The two scenarios themselves were selected faralereasons. As suggested

by Hill & Smith (1998) authentic educational exgegrtes are critical for students. This
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means that the scenarios should be both realistidaamiliar to students. The scenarios

must be accessible to the participants, in this tégh school students from a variety of
backgrounds. This meant that the scenarios shauldhtlerstandable and common
enough that students would have a good idea abloatt issues might come up.
Secondly, they should be interesting to the padicis in order to engage them in the
problem finding exercise as much as possible. Thitdey should be issues that might
be realistically encountered by a practicing enginEourth, the issues should not be so
complex or numerous that they cannot be fully dised by an average student in a
single class period.

These four criteria drove the selection of twonse®s to be included in the
instrument. Both were selected because they fihedle of the criteria reasonably well.
The first, an issue related to energy efficiencgswoth timely and accessible because
of rising energy costs and frequent media attertbcthe problems that wrought. It is
also well known that engineers address issuesarfjgrefficiency. Indeed, many
engineering schools take part in the US Solar Dématevent which specifically relies
on energy efficiency as a measure of success.

The second scenario selected related to thefto@aling of a fictional town.
Students in Minnesota, where this study was admeirgd, are frequently made aware
of flooding problems along rivers by the media amghy may have had personal
experience with some kind of flooding. In addittont being well known that
engineers work on hydraulics and water problemge@gd engineering design
researcher Cynthia Atman has used the issue alifigdo examine the design process

of engineering students.
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Data from five variables were captured throughgager and pencil test

instrument which allowed for more students to pgytite and facilitated the later
scoring of responses. The two primary areas intctwthese variables fall are
background demographic data and measures of prdbidimg ability. Gender was one
of the demographic factors useful in describingtiipe of problems identified by
participants and to account for additional vari@pivithin the statistical model.
Schools and students

Although no identified literature has examined diféerences in problem
finding ability based on school environment thereame anecdotal evidence that
differences may exist. In discussing the deartappflicants to engineering schools
many engineering faculty lament the decline ofgbecalled ‘farm mechanic’ which
made up much of their admissions in the last cgniitine belief is that rural students
with farm experience often need to make do withtvidavailable to them as they go
about solving a variety of engineering design peots such as the flat tire problem
discussed in the first chapter. Urban and subushahents would be more familiar with
getting things done the ‘right way’ and often hawvere nearby resources to draw on
making them less apt to devise creative solutiormablems. Students from three
different schools were administered the problerdifig test in an effort to obtain
results from different types of student populations

School 1 was an outer ring suburban high schoat fitee Minneapolis/St. Paul
area which participates in the Project Lead the Wfayineering curriculum as well as

offering advanced science and traditional technpkxdycation classes. The students
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taking part in this study came from one of the &b]l.ead the Way classes though

some had previously taken advanced science orddmiyneducation classes.

School 2 was a rural/small town high school in bargntral Minnesota which
does participate in Project Lead the Way, but @ma limited basis. When data for this
study was collected in Fall 2008 there were noditdiead the Way classes currently
underway and the students came from two sectiotraditional technology education
classes.

School 3 was a first ring suburban high school ftbemMinneapolis/St. Paul
area which does not currently participate in Projead the Way and offers no
technology education classes of any kind at thi bapool level. The school is known
for high academic standards and has been a leadelvanced Placement and Enriched
science education. Students from this school caome fwo sections of Advanced
Placement Physics.

The third demographic variable collected was tipe tgnd number of courses
and curriculum the participant has been expose8ttalents were asked to list all of the
engineering, advanced science courses and techynetlugation courses they have
taken in high school. Many of the engineering auhhology education courses
purport to teach problem solving skills which hdeen identified as important
outcomes but there is little known about if studemho take these courses actually do
better than their peers when faced will an ill-stawed real-world challenge.

Specific details about the participant makeup ctuded in Table 1, Table 2 and

Table 3.



Table 1.

School Demographics for Scenario 1

Number of Number of Number of
Engineering Advanced Science Technology Education
Classes Classes Classes
Std. Std. Std.

N Mean Deviation Mean Deviation Mean Deviation
Schooll 21 152 0.680 0.76 1.044 1.38 1.322
School2 33 0.00 0.000 0.00 0.000 1.55 0.833
School3 37 0.00 0.000 3.16 1.482 0.00 0.000

Table 2.

School Demographics for Scenario 2

Number of Number of Number of
Engineering Advanced Science Technology Education
Classes Classes Classes
Std. Std. Std.
N Mean Deviation Mean Deviation Mean Deviation
Schooll 21 152 0.680 0.76 1.044 1.38 1.322
School2 33 0.00 0.000 0.00 0.000 1.52 0.834

School3 36 0.00 0.000 3.19 1.527 0.00 0.000

52



Table 3.

Gender Demographics

53

Number of Number of Number of
Engineering Advanced Technology Education
Classes Science Classes Classes
Std. Std. Std.

N Mean Deviation Deviation Mean Deviation
Scenariol o 44 352 3.13  1.807 0.20 0.561
Females
Scenario 1 oo 4 771 1.15  1.608 1.01 1.121
Males
Scenaro 2,5 44 352 3.13  1.807 0.20 0.561
Females
scenario 2 ., 4y 775 1.14  1.633 1.01 1.116
Males

Note.One student failed to report a gender and sodkid&d from this table.

Finally, student identified problems were collecteain the two simple but real-

world and ill-structured situations described abedgch call for engineering design

and problem solving. Participants were asked totifieproblems in these situations

which, if solved, would significantly improve thiag

Reviewers

The creative problem finding ability of participarnwas evaluated based on the

same measures used by Lee & Cho (2007) and whectuaher supported by the

methodologies commonly used by creativity reseaschiéhe problems identified by

participants were evaluated by a panel comprisedsaarchers and educators familiar



54
with engineering design or technology educatiotofeing detailed instructions, rubrics

and training.

Reviewer 1 was a female graduate student from theddsity of Minnesota
department of Mechanical Engineering. She has hdeaching assistant in the
undergraduate mechanical engineering capstonerdesigse for some time.

Reviewer 2 was a male former high school ProjeeidLthe Way teacher now
teaching middle school Project Lead the Way clagses high school teacher he spent
several years teaching the Project Lead the Wayddiction to Engineering Design”
class and is also familiar with technology eduaatio

Reviewer 3 was a male graduate student from theddsity of Minnesota
department of Mechanical Engineering. He also legla teaching assistant in the
undergraduate mechanical engineering capstonerdesigse for some time.

Each of the two scenarios completed by each paatitiwas scored
independently by the three judges on four measafreeativity. Judges were instructed
to read through a sample of student responsesugeghe range and types of responses
they would encounter during the rating process. adtaal rating process had five key
steps for each scenario. The complete judge irtgingcare included in Appendix D.

1. After reading the entire student response for thiergscenario the judge

gave the student an overall ratingfuencywith assistance from a rubric.
Judges were instructed to rate fluency based onuheer of problems
identified by the student compared to all othedshis for the given

scenario. This rating was on a five point Likeqeyscale.



55
2. Judges then determined the number of broad caesgitne problems fell

into and rated the student on how many differetggaries their problems
came from. Judges were instructed to flaebility based on the number of
problems identified by the student compared totlér students for the
given scenario. Again, a rubric was provided tasaggdges. This rating
was on a five point Likert type scale.

3. For each of the individual problems identified bg student the judge first
determined if it was aappropriateproblem for the given scenario. This
rating was a Yes/No dichotomous variable. Thosélpros which did not
appropriately address the scenario were removexd tine study. This
follows the advice of Lee & Cho (2007) who notettitds easy for
evaluators to determine whether a problem is apfatgpbut extraordinarily
difficult to assess and place a score on the degfrappropriateness.

4. Assuming that the individual problem was approprjatges were asked to
rate theoriginality of the problem compared with other students. Theem
common a problem was the lower the originality egadges were to give
it. This rating was on a five point Likert type kea

5. Finally, judges were asked to evaluate how thorbutyjie student
elaborated on the specific problahey identified. This rating was on a five
point Likert type scale.

Getzels & Csikszentmihslyi (1976) noted in theudst the usefulness and

appropriateness of evaluation panels for researgtrablem finding. Similarly,

Guilford (1967) noted that most research on crégtimvolves some measure of
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subjectivity and is dependent on the judgmentdioérs but that these judgments have

been more predictable than most other criteria.ddta on interrater reliability,
calculated as Cronbach’s alpha following the datkection period, seems to bear out
this for the most part. Interrater reliability issgented in Table 4.

Table 4.

Interrater Reliability Statistics

Cronbach’s Alpha

Cases Fluency Flexibility Originality Elaborateness

Scenario 1 91 917 .814 .703 .836

Scenario 2 90 922 .835 877 .896

Note.N = 3 reviewers for each scenario.

With the sole exception of originality in scenaoioe all of these alpha statistics
meet the .800 level frequently suggested as a atdridr interrater reliability. Given
the subjective scoring utilized by the panel areldiverse backgrounds of panel
members these values are quite good.

Data analysis

Analysis of the data collected from students aitinately, judges was
complicated significantly by the free response reatf the ill-structured situations. In
an effort to capture as clear a picture as pos#ibie the data available two distinct
approaches were used.

First, the panel of judges was asked to rate tbhblems identified by students

on the four factors of creativity: flexibility, fency, originality and elaborateness. The
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student response sheets provided to judges codtaoree of the demographic data

about students and the only indentifying marks werigue student identifiers which
were assigned by the researcher. The judges wevelpd with both written and oral
instructions as well as a rubric to assist theithig task. A copy of all scoring
instructions and this rubric are included in thpexpdices.

Because students did not specifically number oalisof the problems
identified and also may have included sketchesyidigs or diagrams it was up to
judges individually to determine where to sepapatdblems identified by students. This
led to different judges determining a different rmaenof problems for the same student
response. While this was not problematic for tleibility and fluency scores which
are per student, per scenario it was somethinghéeded to be dealt with for originality
and elaborateness scores which were per probleensdlhtion eventually employed
was to average the originality and elaboratenem®sa@cross all appropriate problems
identified by the student. In this way for eachrere each student ended up with a
single score for each of the four characterisficecy, flexibility, originality and
elaborateness) from each judge.

These scores were subsequently entered into adspiest along with unique
identifiers and quality checked. At this point jedgvere contacted about any missing
data and asked to re-score those students for vineynwere missing data. Most of the
judges responded promptly and those corrections wade to the spreadsheet. One of
the judges was unable to provide corrected datsaradl students missing data from
that judge were removed from the data set. Spadlifichis meant excluding two

students from the first scenario and four stud&ots the second scenario because one
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or more of the creativity characteristics were wned. This does mean that while the

same students responded to both scenarios thentgudeluded in the quantitative
analysis are slightly different for the two scepari

Following the quality check of the data it was @mpinto SPSS for interrater
reliability analysis. At this point each studentiach scenario had three scores for each
of the four creativity characteristics, one scooarf each judge. The RELIABILITY
program was used within SPSS to determine therataarreliability statistics given in
Table 4. Once interrater reliability had been asweed the statistical analysis could be
continued.

Because the research questions revolve aroundatiffes due to the
demographic factors of school, gender and courdetistory and not around
differences between judges the data needed torthefumanipulated to arrive at a
single score for each creativity characteristicdach student in each of the two
scenarios. This was done by averaging the threadly flexibility, originality and
elaborateness scores for each participant. Imthisner each student ended up with a
single value for each of the four creativity chaeaistics which, when combined with
the demographic data, could be further analyzed.

The first statistical analysis employed was the MAKA procedure which
examined differences in the four creativity chagastics based on the school and
gender of participants. Secondly, differences bgeaxi coursework history were
explored using the multiple regression procedumabse of the continuous nature of
that variable. Both procedures were carried ougpethdently for the first and second

scenario. The results of these procedures canumel fim the following chapter.



59
In addition to the statistical analysis of datarirthe judges a more qualitative

method was used to evaluate common categories arespgnses by categorical
variables. These qualitative observations were ieame purely exploratory in nature
but to catch any possible differences in probleowsd at the different schools as well
as by female and male participants. For the fimalysis student responses were sorted
by school. All responses for one scenario at a tieee read by the researcher and
notes taken on the broad themes which seemeddgarate the majority of responses.
This type of fuzzy and subjective analysis was meglbecause of the many ways and
many levels of detail with which students identifigroblems. At the same time specific
examples of problems within these broad categevtesh exemplified the category
were recorded for use within the results sectidns process was repeated for each of
the three schools and for the second scenatrio.

Once this was complete the student responses exs@ted based on the
gender of the participant. The same process wasogatpfor determining the broad
categories of responses within each gender.

After a complete list of common problem categonies determined for each
school and gender by scenario the lists were cosdpfar similarities and differences.
The list of categories itself was coded to idenitibth similar and unique categories of
problems amongst the three schools and again betthedwo genders. These coded
category lists were used during the discussioruafitative results in the following

chapter.
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Chapter IV

Results

The data were collected from each of the threedshand turned over to the
three judge panel as described in the precedingtehdn addition, student responses
were qualitatively evaluated for response categdriethe researcher as described in
the previous section. Each of the two scenariostreased separately and is presented
here in that way. First, the energy efficiency scenwill be examined through the lens
of the research questions. This will be done boitatively through a discussion of
categories in student response and quantitatihebpugh MANOVA and Multiple
Regression statistical analyses. Next, the floodoenario will be examined in the
same way.

Scenario 1. Energy Efficiency

Students from School 1 and School 3 had genesatijlar ideas about improving
the energy efficiency of homes while students fi®chool 2 took a rather different
direction. There were some ideas which were meatidrequently by students in all
three schools. Specifically many students mentionsi@lling or upgrading insulation
as a key method for reducing energy consumptiogoBe this; however, there were
some distinct differences.

While the scenario presented to students speltyficeentioned that the houses
were in the design stage, i.e. not yet built, @tlydents in schools 1 and 3 frequently
suggested modifying the architectural layout oliglesf the homes. Specifically
students from School 1 suggested design modifieatsnich as reducing ceiling height

to reduce the volume of conditioned air and stusléim School 3 suggested designing
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homes to better take advantage of sites such @asghithe use of passive solar heating

in the winter. Students from both schools mentictedoverall size of homes as a
contributing factor to energy inefficiency and saggd redesigning homes to be
smaller and more efficient. Table 5 and Table &@né example student responses from
schools 1 and 3 for this scenario organized bygcaites found in the responses of the
school.

Table 5.

Scenario 1 Example Student Responses from Scliyol hieme

Theme Example Responses
Alternative energy * “Energy could be saved by using solar power on the
roofs...a stream or river could help power the homes
as well”

* “The cost of electricity can be high. This problem
can be solved in a variety of ways. A good way to
solve this is to install a wind turbine (or a fewnar
turbines) that can provide electricity for an eatir
neighborhood or city. In this way, the cost will be
spread among many people.”

*  “New energy ideas can also be explored. If at all
cost efficient the firm could look into solar orrvd
power (or others) to power the house.”

Insulation * “To improve the energy efficiency of the homes you
could make the walls thicker so you can put more
insulation in them”

* “Heat rises therefore the first step to energy
efficiency is to make sure the roof is well insaldit

* “The house blue prints must try to make a design
that will be easy to heat, cool & insulate”

Redesign for better » “A big problem with energy efficiency is heating
heating and cooling and cooling costs. The best way to deal with that i
efficiency build a house with a minimal amount of exposed

surface area...”

* “The house should also be south facing if posgible
help with heating costs in the winter”

* “The very tall ceilings are a problem when the
homeowners are trying to heat and cool the houses.
Because heat rises, it will build up from the top
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Heating/Ventilation/Air
Conditioning (HVAC)
efficiency

Things left plugged in or
turned on

down and will take much more time and energy to
keep the house heated.”

“As for cooling, cold air will sink, so althougheh
area that the people are lining in is cool, thenalir
continue pumping in until the full room is cool. |
would advise lower ceilings, but since the house is
already built, placing the air vents half-way down
the wall, instead of at the top so the cold ait nalt
need to fill the whole room would be a good start.”
“The efficiency of the furnace + AC is also
important”

“If the home buyer wants to be able to keep the
whole house heated, then the heating system should
be lower or on the floor as shown in the poor
drawing. If the vents are low the heat will have to
travel through the air and up to the ceiling.”
“Problem — appliances and electronics such as TVs
and computers still draw power when they are
turned off or nobody is home. Solution — to prevent
devices such as chargers from drawing power when
not used, create some sort of device which pluigs in
an outlet which allows other cords to be plugged
into it. When the amount of power being used drops
below a certain threshold, the device cuts off powe
consumption completely, preventing electricity
going to waste. To prevent power consumption from
something such as a light being left on when nobody
is home, create a device that allows the user to in
some way be reminded of what is using power in
their home, and if possible, remotely terminate the
thing using power.”

“Have multiple light switches for same thing to
increase ease of shutting off lights for occupants

as not to waste electricity.”

“Another issue making them inefficient could be the
fact that the heat is left on even when there are n
people home. A simple solution to this is to have a
programmable thermostat installed in every home
and encourage the homeowner to use it.”
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Scenario 1 Example Student Responses from Scliyol Beme

Theme

Example Responses

Alternative energy

Insulation

Appliance efficiency,
mostly related to HVAC
systems

“Gas is very expensive, due to the economic
downturn and high energy use. In addition, heating
cooling is inefficient (especially through use aisy.
Instead, solar panels should be utilized on théabo
the house. They are more environmentally friendly
and make houses look more fashionable. Renewable
energy could heat and provide power to the home.”
“Solar power panels on roofing if there is enough
sun. Nearby wind farms = renewable energy source,
hydroelectric power. All of these would give more
room for increasing efficieny.”

“Invest in solar panels. By producing its own clean
energy during the day the house could minimize
dependency on unclean, expensive energy services.”
“Heating is a big energy cost so if we cut down on
loss of energy to the outside we can save money,
adding insulation would help this problem”

“Houses should have a better insulation structoire t
keep heat in when it's cold and expel heat when it’
warm to reduce the reliance on less efficient air
conditioning units/water heaters.”

“Work on creating a more insulated house, double
front doors for the trapped air in between to iasail

the house, and the double paned glass througheut th
entire house for more pockets of air/insulation.”
“Using geothermal heat to heat and cool the house
would save energy. Since the heat of the earthwbelo
the surface is relatively steady in comparisorhto t
fluxuating temperature above the surface. So if we
can pump water down through tubes, have it heat up
we can raise it back up to hear our homes cutting
down on energy costs. It can also be used to cool
houses in the summer.”

“The methods by which homes are heated and
cooled remain extremely inefficient, despite
technological advancements. Individual boilers to
heat homes requires the constant heating of water,
even if not used. Instead, one could implement a
communal boiler, much like power from a power
plant.”




64

Home size

Occupancy sensing

“Architectually, design houses in such a way that t
source of energy is close to the center, so ldssts
as it gets to its destination. Put air conditioneater
in the middles of the house rather than blockedroff
the basement. Make houses more compact so the
energy has to travel less far.”

“The best way to conserve energy would be reduce
house size (reducing leaks of heat).”

“Problem: houses are too big Solution: build homes
with less air space, lower ceilings, etc.”

“As for actual construction, houses should be built
smaller, this would require less materials, and les
energy to power.”

“Lights could also be controlled by vocal
commands. It would be easier for homeowners to
turn off lights, so they would conserve more
energy.”

“Lighting: They could have motion detectors for
rooms so that they turned on only when someone
enters and then turned off when there isn’'t
movement.”

“Also, having a way to turn the heat down when
people are at work or away would save energy. If
there is a way for the heat to turn back on at a
predetermined time then people could come home
and never have to deal with the heat. It could save
energy and not be a hassle to the owner”

On the other hand the responses from School 2tetabe briefer and more

focused on things that a homeowner could change ti¢ home was built rather than

on changing the design of the home. For exampleymtudents from this school

suggested alternative lighting technologies, spegly compact fluorescent and light

emitting diode based lighting as replacementsréatitional tungsten light bulbs. These

students also frequently discussed changing oudaws for more efficient ones and

ensuring that contractors did not cut corners whelding the home. Overall, the

responses from School 2 were less thorough inthetgy and quality of responses as



65

well as focusing more on behaviors of the homeowanérbuilder than on the homes

themselves. Table 7 presents example student respdrom school 2 for this scenario

organized by categories found in the responsédseo$t¢hool.

Table 7.

Scenario 1 Example Student Responses from Sclixyol Beme

Theme

Example Responses

Lighting inefficiency

Geothermal

Voltage loss

Appliance efficiency*

Insulation

“Install fluorescent light bulbs in the rooms yoseu
most.”

“Install more efficient lighting”

“fluorescent lightbulbs”

“geo-thermal”

“use floor heating — geo-thermal heating”

“replace all light bulbs with geo thermal ones”
“Extra cable length: Sloppy workmanship by the
electrician wiring the house also adds to the home
owner’s bill. Untidiness may result in additional
cable length, adding resistance, reducing ampacity,
and drawing more electricity”

“Somehow find a way to manufacture cheap
superconductors for wiring. The less resistant the
conductors are, the more efficient they become.”
“Electrical: In an old home you could replace old
lighting recepticales and wire with new upto date
recepticales & switches. It will meet code and have
better electrical efficiency rating.”

“Use lower watt appliances”

“I would solve energy by getting efficient
appliances”

“If you don’t have energy star appliances that doul
greatly affect your power consumption.”
“Insulation: If you are planning to buy a home you
should make sure that there is enough insulation
needed in the attics & ducts so you don’t have heat
loss & energy efficiency”

“Better insulation to hold in more heat so you don’
have to use the heater as much”

“add more insulation”
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Window efficiency * “One problem that could be fixed would be bad
windows putting a cover over it so no heat would be
lost. If that would be fixed then a heating bill wid
cost less.”

* “Putin some high grade windows. If you have poor
guality windows you won'’t be able to keep heat in
during the winter or cooler air during the summer”

* “l would make sure all windows are replaced with
low-e argon filled windows.”

*This was mentioned much less than in the respoofsgshool 3, but was a minor
theme in responses

Differences also existed in the responses typitE@male students when
compared to the male students across all schopéxifeally, females were much more
likely to mention the size and design of homesrablpms contributing to energy
inefficiency than their male counterparts. The flEasalso frequently suggested that
things in homes such as lights, electronics andl dretdeft on and continue to use
energy when not in active use. One response typfdaimale students who mentioned
things which are not in active use but continudreaw power looked like this:

Problem: Energy is lost through electronics “slaegpiand on electronics while

people aren’t there, such as forgetting to turrigffts.

Solution: Electronics such as TVs “sleep” while dph’t use them. While

sleeping they use small amounts of electricitygadady to turn on at a moments

notice and don’t stop sapping energy unless ungldggO prevent this they

power for those types of objects could be set timear, w/ no powerflow when

ppl are sleeping or gone at work. To prevent dl@ttrwaste by lights left on

when ppl are gone, the lights should be set tovaibtin. Like clap-lights that turn

on w/ a sound these lights will stay on if theydhea noise every 5-10 mins. w/
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an option for manuel over ride if a person wantsetal etc. This way if ppl leave

the lights will turn off on their own.

On the other hand male students were more liketligcuss the efficiency of

lights (when they are on) and suggest replacingntivith more efficient illumination

technologies. Many of the males also mentioned aiglas a great source of heat loss

which could be improved using new technologiesd&iis of both genders mentioned

problems with insulation, heating and air conditmgnsystems, appliances and

inefficient energy sources. Table 8 and Table 8gmeexample student responses for

this scenario organized by categories found irrésponses of each gender.

Table 8.

Scenario 1 Example Student Responses from Femaldseme

Theme

Example Responses

Insulation

Occupancy sensors

“Skimping on insulation from window, to floor, to
wall, to ceiling, to roof all cause energy ineféocy
that ends up increasing cost to the home owner in
the long run.”

“One problem a house may have with lower energy
efficiency could be related to the heat lost due to
poor insulation... Solution: | would use better
insulation in the walls when building a house and
get windows which better keep the heat in without
leaking/lower amount of windows.”

“When the sensors did not detect anyone for 5 mins
the timer would be part of the wiring and it would
turn off once it hit 5 mins breaking the circuitiper
system to the lights.”

“Problem — appliances and electronics such as TVs
and computers still draw power when they are
turned off or nobody is home. Solution — to prevent
devices such as chargers from drawing power when
not used, create some sort of device which pluigs in
an outlet which allows other cords to be plugged
into it. When the amount of power being used drops
below a certain threshold, the device cuts off powe
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Heating, Ventilation, Air
Conditioning (HVAC)
systems

Home size

Alternative energy

consumption completely, preventing electricity
going to waste. To prevent power consumption from
something such as a light being left on when nobody
is home, create a device that allows the user to in
some way be reminded of what is using power in
their home, and if possible, remotely terminate the
thing using power.”

“Inefficient heating: Instead of having central
heating that is transmitted via ventilation youlcou
put a source of heat such as a fireplace or radiato
the middle of the house and build rooms around it.”
“Inefficient heating and energy dispersal: Since th
heating system in a house is often not central, the
heat goes to the rooms right around the source but
has a hard time reaching the outer rooms. Heating
systems should be the ‘foundation’ or ‘base’ of the
house. The rooms should be built around that source
to minimize unequal heating.”

“The heating system may be inefficient because of
heat loss especially when the house is big. Thenwar
air goes up and leaves the lower part of the house
cold. To heat up the whole house would take many
hours and too much gas.”

“The best way to conserve energy would be to
reduce house size (reducing leaks of heat).”
“Efficient heating and electricity could be imprale
with solar and wind energy. I'd get solar panels on
the roof everywhere and some wind turbines on the
trees to be more efficient. This wouldn’t look sb
because it's only the roof and you could get some
green wind turbines so it wouldn’t look so badhe t
trees. Also you could use the heat energy produced
by your body to power smaller appliances like
toasters. This could be done by making a device
connected to your skin.”

“Use solar power”
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Scenario 1 Example Student Responses from Mal€sdiye

Theme

Example Responses

Insulation

Lighting

Heating, Ventilation, Air
Conditioning (HVAC)
systems

Appliances

Alternative energy

Window efficiency

“Heating is a big energy cost so if we cut down on
loss of energy to the outside we can save money,
adding insulation would help this problem”

“To improve the energy efficiency of the homes you
could make the walls thicker so you can put more
insulation in them”

“Install more efficient lighting”

“Use LEDs of CFL lights wherever possible”

“The furnace itself needs to be looked at to make
sure that it will function properly. Air must be
evenly distributed throughout the house to ensure
satisfaction. The ductwork should have as little
bends as possible since this can cause loss of air
movement. If bends are needed then extra
propulsion fans may need to be installed as well.”
“Replace low/medium efficiency furnace/water-
heater with a high efficiency model. Use multiple
zone heating and cooling.”

“I would solve energy by getting efficient
appliances.”

“Use energy star appliances for boiler, water
softener, etc. have them centrally located within t
house so as not to give bias to any room in the
building.”

“Energy could be saved by using solar power on the
roofs of the new homes, as well as using power
saving lights.”

“Solar power panels on roofing if there is enough
sun. Nearby wind farms = renewable energy source,
hydroelectric power. All of these would give more
room for increasing efficiency.”

“High ceilings & lots of windows tend to lose a lot
of heat making heating bills expensive.”

“The main problem would be heating. A lot of heat
is lost through windows and door frames. One could
install windows with 2 layers of glass in order to
increase their insulation. They could also usecbett
sealants that would allow for less heat to be’lost.
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A multivariate analysis of variance showed noistigally significant differences

in the four traits of creativity measured by thdgas at the .05 alpha level for school,
gender or a school/gender interaction. In additiothe MANOVA procedure the data
was analyzed using multiple regression to expldferénces in each of the four traits
based on gender as well as the number of engimgexivanced science and traditional
technology education classes reported by eachrstutiee results of these multiple
regression analyses for each of the three traits significant coefficients at the alpha
level of .05 are presented in Table 11, Table I TEable 13. The multiple regression
analysis for originality was not significant at tf¥ level. The average judge scores on
measures of creativity by school and gender argepted in Table 10.

Table 10.

Scenario 1 Average Scores

Flexibility =~ Fluency  Originality  Elaborateness

School 1 2.444 2.651 2.679 2.300
School 2 2.081 2.131 2472 1.505
School 3 2.558 2.631 2.745 2.403
All Males 2.382 2.493 2.606 1.983

All Females 2.155 2.133 2.697 2.391




Table 11.

Scenario 1 Fluency

Unstandardized Standardized
Coefficients Coefficients

Sig.

B SEB B
Constant 1.974 .239 .000
Gender -0.733 .331 -.238 .030
Engineering 0.474 167 297 006
Classes
Advanced 0.263 .084 408 .002
Science Classes
Technology
Education 0.028 .135 .026 .836
Classes

Note. R=.188
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Table 12.

Scenario 1 Flexibility

Unstandardized Standardized
Coefficients Coefficients

Sig.

B SEB B
Constant 1.988 224 .000
Gender -0.617 .311 -.219 .050
Engineering 0.281  .157 192 077
Classes
Advanced 0.238 .078 404 .003
Science Classes
Technology
Education 0.010 127 .010 .940
Classes

Note. R=.146
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Table 13.

Scenario 1 Elaborateness

Unstandardized Standardized
Coefficients Coefficients

Sig
B SEB B

Constant 1.976 .184 .000
Gender 0.120 .255 .050 .640
Engineering 0.375 .128 302 .004
Classes
Advanced 0.094 .064 188 147
Science Classes
Technology
Education -0.248 .104 -.301 .019
Classes
Note. R= .208

Scenario 2: Flooding

Although few of the ideas put forth by studentthat various schools were
unique to a school none of the categories wereddtaguently across all three schools.
For example, students from both School 1 and ScBsolggested that one potential
problem is having too much water flow through tiver near the town center and
proposed various water diversion schemes to rouwtess water around the town.
Another problem identified by students from thase schools was buildings built too
low which they suggested rectifying either by nagsor moving the buildings. Few, if

any, students from School 2 identified either @fsth as problems. One problem which
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was frequently identified by students from Schoealds a lack of dams and

containment of water upstream, suggesting that gardseservoirs be built to prevent
flooding. This was a sentiment echoed by students School 1 but mentioned much
less by students from School 3. On the other hsmhe problem categories were
identified by students from School 3 and School®riot so much by students in
School 1. An example of this is a lack of containtr&ystems to protect the town such
as floodwalls, dikes and levees. This is not totkay there were no unique categories
of response in problems suggested by studentg aiffierent schools. Example
responses from School 1 and School 3 are providé@alle 14 and Table 15.

Table 14.

Scenario 2 Example Student Responses from Scliyol heme

Theme Example Responses

Water diversion * “One idea to harness the energy is to set in @ace
trench or pipe or transport system to move mass
amount of water to other places. A pipe set ing@lac
4 appr. Feet above normal river level would
transport water to where it was needed...the farm
needs the water so it is transported there.”

« “Ifitis found that the river is spring fed it mae
beneficial to divert some of the streams to other
bodys of water in the area. Obviously one would
need to research and take into account the
surrounding eco-structure when ever displacement
of waster is involved.”

* “Creating other smaller rivers around the flooding
river could divert most of the water away towards a
lake or pong. New problems could then be created
like flooding of the lake or pond or destruction of
the ecosystem.”

Moving things to higher e “Buildings that have a potential of being flooded

ground or putting could be built on stilts. These stilts will holdeth

buildings on stilts building off the ground as water flows underneath
them in the case of a flood.”

* “If homes are close, they should be raised. Placed
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Dams

higher than the surrounding land.”

“Someone put buildings in the wrong spot. These
buildings should be moved to higher ground and the
land should not be built on.”

“A small dam with a reservoir upstream of the town
would help in that the flow of water would be
regulated and could be controlled. However, dams
can cause problems with the natural ecosystems, so
this problem would have to be addressed according
to the location of the dam.”

“There is a spot about 10 miles upstream that would
be a prime spot to build a dam. There was a beaver
dam up until a few years ago here, but it has since
been destroyed and the beavers have left, which |
believe is the reason that there is now an isstle wi
flooding that was no there before.”

“Dams and locks can be built to control water flow.

Table 15.

Scenario 2 Example Student Responses from Scliyol Beme

Theme

Example Responses

Wetlands

Water diversion around
city (often with reuse)

“Plant a lot of plants that will hold off some wates

it floods. They would prevent soil erosion incre@si
safety from water.”

“Problem: Not enough wetlands to absorb the rising
waters. Solution: Promote the growth of wetlands,
destroy dams, etc.”

“Flooding is a key part in forest ecosystems and a
dam would hurt the agriculture industries. However
creating a wetlands further upstream will create a
new ecosystem, purifying the water and slow the
water down so that it floods at a more constanepac
instead of seasonal flooding. This will help the
agriculture down river as the farmers can use the
river water to irrigate their crops.”

“Flooding can be a real problem if the proper
precautions are not taken. In the case of the farm,
they could use the flooded water in a reservoir in
order to help irrigate the farm. Homes could use th
water (if controllable) to water their lawns andshia
clothes/dishes/themselves (if clean).”

“Flooding is good for the eco-system just like
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Moving Homes

Floodwalls

periodic forest fires are good. So one could ugerri
run off, by having vertical popes in the groundttha
would collect water and divert it towards farms or
have it purified and reused in our water.”

“People can’t stop flooding from happening.
Flooding occurs because people built homes and
buildings on wetlands where it's natural for floodi
to happen. However, if we can minimize the impact
of the floods so that people are not severely &dtec
by them, it will improve many of their concerns.
When flooding occurs it will take over the houses,
businesses and farms so we can build a big pipe
under ground that is usually empty but when floods
occur, opens and lead the water to and aquifer. But
before the water enters the aquifer there should be
an extensive filter system that will clean the wéte
“Problem: Houses are too near the river. Solution:
Move the houses further away from the river.”

“I would also suggest moving homes and businesses
to higher ground so as not to be damaged by any
flooding that may occur.”

“Trying to maintain housing along the river is
unadvisable because buildings will promote erosion
and suffer water damages.”

“You could build a wall that is strong enough tfiat
could block the water from getting to the houses.
Having a wall along each side of the river allovws t
river to grow higher and wider. The flood water
would just flow with the rest of the river and won’
destroy houses/businesses.”

“Recently a new flood protection system has been
built in London to prevent flooding. If a threat
exists, a river-wide wall is lowered into place,
preventing surges and damage. Provided the river
isn’t freakishly wide, this strategy would work wWel
“During safe seasons the river banks have short
walls with periodic pillars, they create a smalliwa
but nothing that would destroy the look of the
country and become annoying.” But when the threat
of flood occurs the pillars open on either side
revealing tall metal interlocking plates which when
extended run along tracks to the next pillar where
they are fastened to create a water tight wallihgld
back the water.”
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One example of a problem which was mentioned aleadusively by students

at School 2 was that rivers will inevitably floodtlithat the water did not drain away

quickly enough. In those cases students propodethgdhe problem either with

supplemental drainage systems or sump pumps. Atiadd characteristic of the

responses from School 2, a sample of which careée s Table 16, was that they

tended to focus on problems for individual homes lamsinesses rather than on the

overall situation. On the other hand, it was mostiydents from School 3 who

suggested looking upstream (both literally andradgiwely) for the source of the issue

with potential environmental issues exacerbatirgaimount or frequency of flooding.

Specifically, many of these students pointed tg laiswetlands as a contributing factor

in the severity and frequency of flooding.

Table 16.

Scenario 2 Example Student Responses from Scliyol Beme

Theme

Example Responses

Allow river channel to
hold more water
(floodwalls, dikes,
increase depth)

Dams

“Dam part of the river for a while and dig the athe
part deeper to decrease water height. Add more dirt
to banks to decrease chance of water going ovér top
For the flooding problems you should have the city
or the town look at the river & do some surveying
on what part of the river should be built up to mak

a higher bank for less flooding.”

“First | would try to build up the river bank so it
would take a lot more water to over flow.”

“You should maybe think about installing a dam
system so you can control the height of the river
when needed.”

“I would have the city make a dame farther up the
river.”

“Build a dam”
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Move floodwater out
quickly (sump pumps and
drainage systems)

Build in better locations

“A man-made drainage system with a water run-off
path would also be helpful to keep the water from
contacting places where its not wanted.”

“Add drain tile to all the homes to direct wateraaw
from the homes...put a larger sump pump in all the
homes...put hidden drains in from of businesses so
water can drain before it enters the building.”

“Use drainage and tileing pipe to help the watewfl
to somewhere else away from the homes.”

“Build the house up higher like a hill...Don’t build
the house by the water.”

“Build homes on higher ground and if they can’t be
built higher just put a levi or a wall/dam that ieu
have water going around the homes, businesses,
etc.”

“‘Don't live by water”

Although many female and male students suggeslimtkaf containment

structures including dams, dikes, levees and fl@idwand buildings built too low or

close to the river as problems in this scenaritetéhces also existed. Many males

discussed temporary solutions to the flooding issuadh as sandbags and portable

floodwalls the solutions proposed by females tertddae more permanent. Another

problem category unique to females was the undization of excess water. Females,

much more so than males, were interested in findiags to put the excess water to

work such as in irrigating fields during dry spefitering and storing in underground

aquifers or for providing an alternative energyrseuOn the other hand males were

much more likely to discuss drainage and wetlamdblpms. Example responses by

gender can be seen in Table 17 and Table 18.
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Scenario 2 Example Student Responses from Femaldseme

Theme

Example Responses

Find other beneficial uses
for the extra water

Build on higher ground
or raise buildings

Dams, dikes and levies .

“Since the farmers further from the river could use
water, streams could be made coming off the riwer t
bring water to the farms and lessen the wateran th
river. This would be the first choice if possible.”
“Build an artificial river (canal directing the

flooding to specific points where the water coudd b
used efficiently like farming areas).”

“When building new buildings, build them a safe
distance away from the river.”

“I would suggest moving homes and businesses to
higher ground so as not to be damages by any
flooding that may occur, if homes cannot be moved |
would make the banks of the river higher so thsd le
flooding would occur.”

“Since there must be a long-term solution for the
potential flooding of this river, simply adding
sandbags would not be optimal...There is a spot
about 10 miles upstream that would be a prime spot
to build a dam. There was a beaver dam up until a
few years ago here, but it has since been destroyed
and the beavers have left, which I believe is the
reason that there is now an issue with flooding tha
was no there before.”

“Build dams to block water when its overflowing.”

Table 18.

Scenario 2 Example Student Responses from Mal€sdiyie

Theme Example Responses
Temporary solutions e “The first way | would fix it is by putting sand ba
(sandbags/portable along the river to keep it from going over.”
floodwalls) « “I'would build the banks up on the river so it woul

Dams, dikes and levies

be harder for it to flood the homes, businesses and
farms. Before that | would some water pumps to
pump the water. Once the water was gone | would
clean the dirt up.”

“One this that could be done is the construction of
levies along the river bank. These will prevenbflo
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Drainage systems and
rerouting

Upstream fixes (i.e.
wetlands)

levels from reaching buildings or farms.”

“A small dam with a reservoir upstream of the town
would help in that the flow of water would be
regulated and could be controlled. However, dams
can cause problems with the natural ecosystems, so
this problem would have to be addressed according
to the location of the dam.”

“Excavate a channel from below the town &
reconnect it to the river downstream. The channel
would be lined with concrete so it wouldn’t erode.
The channel will get lower as it approaches therriv
so water will drain toward the connection down
stream.”

“Put wide, vertical pipes in the ground surrounding
the river. Have the pipes go a good distance o t
ground, and have many small pipes branching off
the main pipe going deeper into the ground (lile th
roots of a tree). This would allow the water to be
absorbed deeper in the ground which would allow
for more water to be absorbed, faster, which would
lessen the effects of flooding, while keeping tbe s
moist to prevent any droughts or other problems due
to lack of water.”

“Plant a lot of plants that will hold off some wates

it floods. They would prevent soil erosion incre@si
safety from water.”

“Plant trees along the river to take in more water”

A multivariate analysis of variance showed noistigglly significant

differences in the four traits of creativity mea=iiby the judges at the .05 alpha level

for school, gender or a school/gender interactioaddition to the MANOVA

procedure the data was analyzed using multipleeesgpn to explore differences in

each of the four traits based on gender as weleasumber of engineering, advanced

science and traditional technology education cassgorted by each student. The

results of these multiple regression analysesdoh @f the four traits with significant

coefficients at the alpha level of .05 are presgmelable 20, Table 21, Table 22 and
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Table 23. The multiple regression analysis foriaafity was not significant at the .05

level. The average judge scores on measures dfvitgay school and gender are
presented in Table 19.
Table 19.

Scenario 2 Average Scores

Flexibility =~ Fluency  Originality  Elaborateness

School 1 2.333 2.381 2.463 2.219
School 2 1.970 2.010 2.103 1.313
School 3 1.944 2.083 2.344 2.022
All Males 1.996 2.063 2.201 1.749
All Females 2.222 2.356 2.686 2.130
Table 20.

Scenario 2 Fluency

Unstandardized Standardized
Coefficients Coefficients

Sig
B SEB B
Constant 1.328 243 .000
Gender 0.155 .340 .051 .649
Engineering 0208 172 187 086

Classes




Advanced

Science Classes 0.244
Technology

Education 0.332
Classes

.084

139

.384

312

.005

.019

Note. R=.151
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Table 21.

Scenario 2 Flexibility

Unstandardized Standardized
Coefficients Coefficients

Sig.

B SEB B
Constant 1.396 .218 .000
Gender 0.110 .304 .041 .718
Engineering 0.2904 .154 208 059
Classes
Advanced 0.200 .076 354 010
Science Classes
Technology
Education 0.250 125 264 .048
Classes

Note. R=.136
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Table 22.

Scenario 2 Originality

Unstandardized Standardized
Coefficients Coefficients

Sig.

B SEB B
Constant 1.830 191 .000
Gender 0.285 .268 119 .290
Engineering 0.186  .135 150 173
Classes
Advanced 0.168 .066 339 013
Science Classes
Technology
Education 0.104 110 126 .345
Classes

Note. R=.126
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Table 23.

Scenario 2 Elaborateness

Unstandardized Standardized
Coefficients Coefficients

Sig
B SEB B

Constant 1.739 221 .000
Gender 0.098 .309 .035 752
Engineering 0.338  .156 235 033
Classes
Advanced 0.094 .077 163 226
Science Classes
Technology
Education -0.230 127 -.239 .073
Classes
Note. B=.135

Summary of results

Several interesting observations can be made abeurtature and creativity of
problems identified in these two scenarios by stiglat the three participating high
schools. First, differences are much more obviaukeé qualitative examination of the
data than in the quantitative measures of cregtiintfact, the most consistent predictor
of creative measures across both scenarios wamithber of advanced science classes
taken by a student.

Secondly, the qualitative analysis of responsegmtes shows some striking

differences in the responses of students, partigulathe first scenario which had an



86
overall greater number of response categoriesiftahtThe types of problems

identified by school 1 (with engineering coursas) achool 3 (with advanced science
courses) were much more similar than the typesadlpms identified by students from
school 2 (with traditional technology education s&s). In addition, the categories and
responses from school 1 and 2 took a much brogmbeoach to the problem, that of an
outside engineer, where just about anything wathemable from a complete review of
the home design to advanced power saving techn@bod\alternative energy schemes.
In contrast the responses from school 2 took a mactower view of engineering,
frequently choosing to look at simple changes admsamer could make themselves
such as replacing light bulbs, appliances and wirsd®verall it looks as if there are
indeed differences in student responses by schgentjer and coursework though these

differences manifest themselves in different ways.
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Chapter V

Summary and Discussion

Summary

The primary purpose of this study was to examireestate of engineering
problem finding ability in high school studentslatee Minnesota high schools. This
goal was undertaken through an examination of thte ®f engineering problem finding
amongst students and schools with a variety of grackds and a search for differences
between groups of students. The investigation féérdinces took two distinct paths
which both relied on the same set of student resgmto two engineering scenarios.
The first path explored the differences in problemding ability through the use of
statistical analyses of creativity measures scbyea panel of judges. The second path
took a more qualitative approach exploring theedéht problem categories and ideas
generated by students in different groups. Studeats presented with two different
scenarios which might be faced by an engineer akeldato generate as many problems
as possible which, if solved, would improve theaiion. Students were asked to be as
clear and thorough as possible and to apply threnkedge and skills to generating
problems.

As has been described in the preceding chaptes tirere, indeed, differences
found amongst the various student responses. Tihdiferences which were identified
are summarized below using the guiding researchtioumes as a framework for
discussion of the results.

Differences by school

Although the MANOVA procedure identified no staitally significant
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differences in the measures of creativity by sclaoglalitative analysis of categories in

student responses did indicate some differencexifgally, students from School 2
tended to think about things on a smaller scaldendtudents at School 1 and School 3
tended to look at the big picture. For examplehimithe energy efficiency scenario this
manifested itself as things that an individual homeer could do to improve efficiency
versus major changes in the design and construafibnmes which were more likely
to come from students in School 1 and School 3.

In addition, students from School 2 tended toensitorter and less thorough
descriptions of the problems they identified thardents in the other two schools. They
were also more likely to identify no problems ataalexplicitly write that they couldn’t
think of anything. An informal discussion of thetalavith one of the judges who had
just completed the scoring of the data indicatedlar observations.

School 2 had different responses. They were usshbirter. At first | thought

that they were just not given as much time as therastudents, but as | kept

working | believe they were really trying, but julitin't have the knowledge to
talk intelligently on the subjects. That doeswo'tfgr all of them. Many had
good things to say. But many of them just wrosematence or two or simply

said they couldn’t think of anything to write downThere was definitely a

general lack of a problem solving mentality amomgaty of the school 2

students. Granted, there were several with exdatieas, but these did not

occur as often as the other schools.
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Another interesting observation was that althoughdents were not prompted in any

way to make drawings or sketches some of the stadienm both School 1 and School
3 did so anyway. None of the students from Schaub#8e any sketches or drawings.
Differences by gender

Again, the MANOVA procedure identified no statestily significant
differences on measures of creativity by gendeerdlwere two instances in the
multiple regression analysis of the first scenari®ere gender was identified as
statistically significant, but these are suspeate@ls because of the very small number
of female students. There were some differenceteavin the qualitative data.
Specifically, in the first scenario the females aerore likely to mention changing the
design or layout of the house and to suggest fhataaces, electronics and lights left
on were significant contributors to inefficiency.the flooding scenario the females
mentioned only problems solved by permanent saistguch as dams and diversion
systems as well as showing a significant intere&inding ways to take advantage of
the extra water.

Overall the differences by gender were not asquoned as might be expected.
This may have been confounded by the much smaliaber of female students and
the much stronger science background of the fem&ték hints of differences did
seem to exist. This was more evident in the typesrature of problems identified than
in the creativity of them.
Differences by coursawork

Because coursework was a continuous rather thagarécal variable it could

not be evaluated qualitatively in the way that gagrahd school were. Instead,
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coursework in engineering, advanced science, aithtdogy education classes was

used in a multiple regression analysis to discegndifferences. This was an area
where differences were clearly evident.

In both scenarios students with more advanceaeeielasses scored higher on
measures of both flexibility and fluency. Interagty, the fluency scores were also
significantly influenced by both engineering (iretfirst scenario) and technology
education (in the second scenario). The engineamgechnology education classes
seemed to have a larger effect, measured by ceffisize, than the advanced science
classes but they were not always significant. Nafitbe classes was significant for
measures of originality in both scenarios thougrdlwas a slight effect of advanced
science classes on originality in the second seer@nally, in both scenarios students
with more engineering classes scored higher oroedééness. One additional
interesting observation was that technology edanatudents had a statistically
significantdecreasen elaborateness scores for the first scenario.

Discussion

Based on the results of this investigation ileacthat engineering problem
finding is not a simple task, nor is it one withielhmost students are comfortable.
Despite directions for both scenarios clearly iatlimgy that the task was to find
engineeringoroblemsand the title of the instrument being an EngirmmegeAroblem
Finding test almost all of the students responded withnemgingsolutions This was
not the case universally but, even among studehtsgave problems, something

compelled most of them to also give solutions taséhproblems. One potential
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explanation of this might be the de-emphasis dfifig problems within some models

of problem solving.

While this study is unique among high school paogs there are signs of
interest in researching in this vein among collegengineering education researchers.
A study published by Atman, Yasuhara, Adams, Barkarns and Rhone (2008) as
this dissertation was under development exploredtkadth of problem scoping for
both freshman and senior engineering students. Madhis study indicated some
differences in the problem finding of students frdiffierent school and coursework
backgrounds the Atman, et al. study found diffeesnoetween freshman and senior
engineering students.

One of the areas where results seem to aligntlseisubstantialness of student
responses. Atman, et al. (2008) noted that segers significantly more substantial
responses to their scenario than freshman. Onetlinggis for explaining this
discrepancy would be that seniors have both maredational knowledge and a better
understanding of the engineering design processfteahman. Looking at the data
from this study it was clear that the responsesifsghools 1 and 3 were frequently
more substantial than the responses from schdolfact, judges noted this in their
comments. Remember that students in school 1 dlsbme engineering coursework
and students in school 3 rigorous physics courdewaile students in school 2 were
from traditional technology education classes. @itre results of the Atman, et al.
(2008) study this would seem to indicate that thtestantialness of the student response
would be greater among students more familiar peggnced with engineering

principles.
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In addition to noting differences in how generalibstantial the responses were

Atman, et al. (2008) also noted that most senimsudsed a wider variety of factors
than their freshmen counterparts. Similarly, thelehts from schools 1 and 3 with
more engineering and science background tendexbkodt a wider variety of problems
than students with a technology education backgidrom school 2.

Another issue which came up was that several stadgther flat out stated they
had no ideas or left their response sheets entitahk for one or both of the scenarios.
A hint about why this might be was found on sevethEr student responses where
students had specifically written that they foune $cenarios “too vague”. This
anecdotally confirms the concerns of engineerisgaechers such as Jonassen, Strobel,
& Lee (2006) and Richard Felder (1987) who are eomed that engineering students,
schools and classes are too frequently working wéh-structured problems. This is
problematic when engineers reach the real worldaaedaced with ill-defined
situations.

This inability to deal with ill-structured problenis a potential concern for
engineering educators as researchers such as Ad¢taln(2008) have specifically
noted the importance of engineers’ ability to defproblems in addition to solving
them and a tolerance for ambiguity. It further casts with the work of Dorst & Cross
(2001) where the most creative engineers, a ddsitedt in their study, were those
who challenged the bounds of the problem and lo@kduigger picture problems and
solutions. Dorst & Cross (2001) specifically sugghat creative engineers like to
“manipulate assignments, because they are oftenaoow” (p. 432). If these are the

goals and desired traits of engineers there seeims some work left to be done at the
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high school engineering level where students rerfrastrated, rather than motivated,

by ill-structured problems.

As far as differences among the schools, gendetsaursework histories go, it
is clear that there are some differences. Thispg@ally true in the most common
types of problems identified by the various scha@wld genders and somewhat less so
for the four measures of creativity. Of particutate was that students exposed to
engineering and advanced science courses werelikelgeto look at the big picture
and think though the scenario as a consulting eegimight while students exposed to
a traditional technology education environment warge likely to discuss things on
smaller scale.

Limitations

Some care must be taken when interpreting thenigsdof this study. First, this
study was limited by the schools and students wivetre available for participation.
There are many other factors which might have coeeplay and which could not be
controlled as neither the schools nor students veer@domly selected. This means that
the findings here cannot be generalized to largpufations but should instead be
indicators of areas for future research and inteBecond, it is important to understand
the overarching goal of this study was to examimge: @escribe the state of engineering
problem finding in high school students. Its puga&s not to suggest, imply or
determine whether one curriculum or style of edoaaed to superior problem finding
skills. The primary purpose was to provide desorgpevidence to aid in the
development and interest of future research iratba of engineering problem finding.

I mplications and Recommendations
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The appropriate definition of a problem can mdendifference between

success and failure of a project or a careerutfestts are to be successful they must
develop a firm grasp on the ability to discern peais worth solving. While some
students tested in this study were able to ideptibplems in each of the two scenarios
neither the quantity nor scope of problems idegdifivas particularly impressive. The
unfamiliarity with finding problems in ill-structed scenarios should be an important
wake up call to educators at large and particul@riyhe engineering education
community. Engineering and design is more than oirgwp plans for something, it is
also determining what to draw plans for in thetfptace. The understanding of this,
which is now becoming clear in collegiate enginegeducation literature, is still far
from adequate among the newer field of high scleogineering education.

Perhaps then, one of the most significant contivbs of this study is the
identification of the continued difficulty that stents have in dealing with ill-defined
problems. If students, regardless of whether tlieyoaund to be engineers, are to be
successful in the real world they must learn td deth situations which do not have a
single correct answer and which cannot simply beesithrough the application of
technical or mathematical skill. This situatiorelfds not one which should be difficult
to address. Indeed, several students showed moatig# in the realm of engineering
problem finding so the skill can exist among highaol students. Still, the large
majority of high school students seem to need &agmt assistance in developing the
critical skills of dealing with open-ended, ill-dleéd problems and engineering problem

finding. Perhaps the issue is one of awareness éf@importance of problem finding
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ability among high school educators and the retpmdagogical content knowledge to

teach this skill.

Additional emphasis on problem finding in enginegrcould and should be
included in technology and engineering instructafgssional development as well as
collegiate coursework. As teachers become morditartiemselves with the role and
work of engineers and develop methods for teacteagworld engineering skills there
should be some improvement in the abilities ofrteidents to find engineering
problems.

It is hopeful that this study spawns additionétiast and research on the ability
to teach technological problem finding and probkatving though engineering.
Although we understand problem finding and probgeiving to be critical aspects of
engineering and design we are still in the infaotynderstanding the best methods for
teaching these skills, especially at the high stles@l. Beyond teaching, we must also
be able to assess the technological or engineprofgem finding ability of students for
both formative and summative purposes. Atman,.€28D8) also suggests that looking
at problem scoping might be a tool for assessimgigproving design education at the
collegiate level.

One of the many areas of future inquiry suggebtethis study is the question
of why differences exist. What in the curriculunissohool 1 and school 3 might have
made students respond differently than the studersishool 2, both in terms of the
types and creativity of problems identified? If determine that the ability to find

engineering problems, creative engineering probjevithin a scenario is a desirable
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trait how can this be taught and integrated effetyiinto the variety of engineering and

technology education programs?

While this study focused on the development cative problems by high
school students exposed to an engineering sceiharauld be useful to know
something about how those problems develop int@dssnd finally actual solutions.
Clearly, the development of solutions is closetyltio the development of problems.
Within this study that is evidenced by the greanbar of students compelled to list not
only the problems they identified but what they Vaopropose to do about them. While
the development of engineering designs has beestilg of collegiate engineering
education researchers it has not really been loaekéat the high school level despite
the increasing level of interest in high schoolieagring programs. We now know that
some differences exist in the problems identifigcigh school students given an
engineering scenario but a logical next step wbeldo see how these problems
become designs and then solutions.

Of course, one key concern for technology andrezeging educators is
ensuring that students are, and stay, interestdtinprograms. This is especially a
concern at the high school level where many eleatourses compete for students. A
potential avenue for this suggest by Atman, ef28108) is making sure recruitment
materials and introductory courses make clear kiblgagjand social concerns of
engineering rather than focusing too narrowly aiécal engineering concepts and
problems. As evidenced by the results of this semtyineering scenarios can generate a

wide variety of problems which are not all of atteical nature.
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If engineering hopes to have an enduring placimhigh school curriculum it

must provide an advantage for all students who tiaelasses, regardless of whether
they go on to be engineers. Engineering, by itg mature, is reliant on problem finding
and problem solving skills. Thus, it is in a uniqulace to teach students these skills,

which are continually discussed as critical forsailidents, in an authentic environment

which promotes the transfer of learning.
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This test of problem finding ability is part of a research study being conducted by a researcher at the
University of Minnesota studying the problem finding ability of high school students. You should
already have been provided with an informational sheet detailing this study. It is important to note that
it is up to you to decide to participate in this anonymous study and there is no penalty for failing to
participate but in the interest of fairness all students will be asked to complete this exercise in problem
finding. Should you choose not to participate in the study your paper will not by looked at further by
the researcher. Please indicate that you have been informed of the purpose and nature of this study by

checking the appropriate line below.

D YES, I agree to participate in this research study and have received sufficient information about
the purpose and nature of the study.

D NO, Please do not use my answers as part of this research

Demographic Information

Please indicate whether you are a |:| MALE or |:| FEMALE

Please list the names of any industrial technology, technology education, engineering or AP or enriched
science courses you have taken in the past as well as what grade you were in at the time:

Course Name Grade

The following pages contain two scenarios which might be encountered by an engineer. Please read
through each scenario and think of how you would go about improving each situation. You should
roughly divide the remaining time in half and spend about half the time working on each scenario. You
may use the remaining pages to respond to the scenario. If you use any of your own paper please turn

that in with the test booklet.
(:]
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Scenario 1:

You have been hired as a consulting engineer for a residential architectural and construction firm which is
concerned that the houses it is designing are not as energy efficient as possible. With the recent rise in en-
ergy costs they are concerned that high energy use will discourage potential home buyers.

Guidelines:

1) Find original and novel problems which if solved would increase the energy efficiency of homes

2) Write down and describe the problems you would solve in a way that other people can understand them
as clearly as possible

3) Apply your knowledge as much as possible

(-]
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Scenario 2:
You have been hired as a consulting engineer by a government organization which is concerned about
flooding along a local river and it’s impact on homes, businesses, and farms.

Guidelines:

1) Find original and novel problems which if solved would improve the flooding situation

2) Write down and describe the problems you would solve in a way that other people can understand them
as clearly as possible

3) Apply your knowledge as much as possible

(-]
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UNIVERSITY OF MINNESOTA

Twin Ciries Campus Business and Industry Education 1954 Buford Avenue, Room 425

Department of Work and Human Resource St Paul, MN 55108-6197

Education Office: 612-624-3004
College of Education and Human Fax: 612-624-4720
Development www.cehd.umn.edu/whre

December 3, 2008
Dear Parents and Guardians:

Your child is invited to participate in a research study conducted by Benjamin Franske, from the
University of Minnesota Department of Work and Human Resource Education. As part of my Ph.D.
dissertation | hope to learn more about how students find engineering problems. Your child’s school and
teacher have agreed to participate in this study and your child’s class was selected because of a focus on
engineering.

To be fair all students in your child’s class will be asked to complete an anonymous written problem
finding test. This test will take about 55 minutes during their regular class period. The test will consist of
a short demographic section and two scenarios which your child will be asked to evaluate for
engineering problems. Although all students will complete the test only tests from students who have
agreed to participate in the research study will be returned to me. If you do not wish to have your
student’s test used in this research study you may either sign and return the form at the bottom of this
letter or ask your child to check the box on the test indicating that they do not wish for it to be used for
research purposes.

Participation in this research is voluntary, anonymous and involves no risks beyond those normally
encountered in the school environment. This test will not be graded or scored by your child’s teacher
and will not affect their grade in any way regardless of participation. The primary benefit of participation
for your child is additional practice in technological and critical thinking skills. Additionally, it is expected
that this research will improve our understanding of technology and engineering education. However, |
cannot guarantee that you or your child will personally receive any benefits from this research.

Your child's participation in this research is entirely voluntary. Your decision whether or not to let your
child participate will not affect your relationship with their teacher, school or the University of
Minnesota. If you decide to allow your child to participate, you are free to withdraw your consent and
discontinue your child's participation at any time without penalty.

In accordance with federal law this research project and copies of the problem finding test are reviewed
by the University of Minnesota Institutional Review Board prior to test administration. In addition, your
child’s teacher will have extra copies of the test which students may bring home after the test is given if
you are interested in a copy. Finally, if you are interested in the final report of this research it will be
available from your school principal or directly from the researcher once the project is completed.

If you have any questions about the study or your child’s participation please feel free to contact me via
email at frans046@umn.edu or by phone at 952-200-8945. You are also welcome to contact my advisor
Dr. Theodore Lewis at 612-624-4707 or via email at lewisO07 @umn.edu. If you have questions
regarding your child's rights as a research subject or wish to speak with someone other than the

Driven to Discover+
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researcher, contact the University of Minnesota Research Subjects’ Advocate Line, D528 Mayo, 420
Delaware St. Southeast, Minneapolis, Minnesota 55455; (612) 625-1650. This Office oversees the review
of the research to protect your rights and is not involved with this study.

Sincerely,

Be Frosie

Ben Franske
Researcher

If you do not give your consent for your child's participation in this study of problem finding, please

sign the bottom portion of this form and return it to your child’s teacher by December 10 or ask your
child to indicate that their test should not be used for research on the test itself.

1 DO NOT give consent for my child (name) to participate in this study

Print Parent/Legal Guardian name:

Parent/Legal Guardian Signature: Date
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UNIVERSITY OF MINNESOTA
STUDY INFORMATION SHEET

An analysis of high school engineering problem finding ability

You are invited to participate in a research study about engineering problem finding ability in high
school students. You were selected as a possible participant because your school and teacher have
agreed to participate. You should already have received a letter to your parents detailing your potential
participation in this voluntary and anonymous study. It is up to you and your parents to decide if your
anonymous answers will be used as part of this research but in the interest of fairness all students in
your ¢lass will be completing the in-class test.

This study is being conducted by: Benjamin Franske from the Work & Human Resource Education
department at the University of Minnesota.

Background Information

The purpose of this study is to examine the ability of high school students to find and define
engineering problems in real world scenarios. I am interested primarily in describing what types of
problems high school students find when presented with an engineering challenge and in looking at
how engineering, science and technology classes prepare you for these challenges.

What you will be asked to do:

All students in your class will be taking a problem finding test which will take about 55 minutes to
complete. It will include some background demographic questions in addition to two scenarios. If you
agree to be in this study your test booklet will be forwarded on to the researcher, if you decline to
participate in the study your test booklet will be destroyed and not seen by the researcher. The study is
voluntary and anonymous; at no time will you be asked to provide identifying information.

Risks and Benefits of being in the Study

Participating in this study has no known risks other than those normally encountered in school.
The benefits to participation are: Additional practice in technological and critical thinking skills.
Additionally, it is expected that this research will improve our understanding of technology and

engineering education. However, I cannot guarantee that you will personally receive any benefits from
this research.

UMN IRB Code # 0810E49041
Version Date: 12/3/2008 1of2
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Confidentiality:

This study will be conducted anonymously; at no time will you be asked to provide identifying
information. Responses from your test booklet may be used or published in the final report but will not
be linked to you.

Voluntary Nature of the Study:

Participation in this study is voluntary. Your decision whether or not to participate will not affect your
current or future relations with your school, teacher or the University of Minnesota. There is no penalty
for choosing not to participate or withdrawing from the study at any time, it will not affect your grades,
graduation or college admittance in any way.

Review of the Study:

This study has been reviewed and approved by the University of Minnesota Institutional Review Board
(IRB). The IRB has determined that this study meets the ethical obligations required by federal law
and University policies. If you have questions or concerns regarding this study please contact the
Investigator or Advisor. If you have any questions, concerns, or reports regarding your rights as a
research subject, please contact the IRB Administrator.

Copies of the Test and Study Report:

Following administration of the test additional test booklets will be available for you to take with you
for your records. Your original test booklet cannot and will not be returned to you as it contains no
identifying information. Copies of the final study report will be available from your school principal or
directly from the researcher at the conclusion of the study.

Contacts and Questions:

The researcher conducting this study is: Ben Franske. You may ask any questions you have now. If
you have questions later, you are encouraged to contact them at the University of Minnesota, 952-
200-8945, frans046(@umn.edu. Questions may also be directed to the study advisor Dr. Theodore
Lewis at the University of Minnesota, lewis007@umn.edu.

If you have any questions or concerns regarding this study and would like to talk to someone other
than the researcher(s), you are encouraged to contact the University of Minnesota Research Subjects’
Advocate Line, D528 Mayo, 420 Delaware St. Southeast, Minneapolis, Minnesota 55455; (612) 625-
1650.

This sheet is for you to keep for your records.

This project has been reviewed by the University of Minnesota IRB as
required by the Code of Federal Regulations Title 45 Part 46

UMN IRB Code # 0810E49041
Version Date: 12/3/2008 20f2
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UNIVERSITY OF MINNESOTA

Twin Cities Campus Business and Industry Education 1954 Buford Avenue, Room 425
Department of Work and Human Resource ¢ Paul, MN 35108-6197
Education Office: 612-624-3004
College of Education and Human Fax: 612-624-4720
Developiment www.cehd.umn.edu/whre

June 2008
Dear Principal:

My name is Benjamin Franske. I'm currently a Ph.D. student in Technology and Engineering Education at
the University of Minnesota. | am conducting a dissertation study on the initial stages of engineering
problem solving at the 11" grade level. Students in this study will receive a small set of real world
engineering problems and asked what questions they would ask in order to solve the problem as well as
essential demographic questions including the nature of any prior courses in science, engineering or
technology. | am seeking your permission to conduct this research within your school. No student names
or correspondence with individual students will be required and all collected data will be treated
confidentially. The study will be approved by the University of Minnesota Institutional Review Board and
done in conformity with the research regulations of your district.

Data for this study will be collected in Fall 2008. If your school has technology or engineering courses |
would like to conduct the survey in those courses, if not | would like to collect data in a general
education course. Data will be collected from schools with varied income levels, rural, suburban and
urban schools as well as schools with technology or engineering programs and those without. It is
expected that participating students will require about one standard (45-55 minute) class period to
complete their part in this study.

The results of this study will be useful for schools and curriculum designers, particularly in the science,
technology and engineering fields. Results and a copy of the final report will be available at the
conclusion of the study. If you agree to allow me to conduct this research in your school | will need a
letter of cooperation. A sample letter is enclosed; please return your letter on school stationary. Please
also indicate what, if any, technology education, industrial arts or engineering courses your district has.
Please send this letter to:

Ben Franske

6104 Arbour Ave,

Edina, MN 55436

If you have any questions about the study, your school’s participation or the letter of cooperation please
feel free to contact me via email at frans046 @umn.edu or by phone at 952-200-8945. You are also
welcome to contact my advisor Dr. Theodore Lewis at 612-624-4707 or via email at lewisO07 @umn.edu.
| look forward to partnering with you on this important study and thank you for your assistance.

Sincerely,
)
: / / 2
Ben Franske Dr. Theodore Lewis
Researcher Advisor

Driven to Discover
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Sample Letter of Cooperation

Must be on school letterhead
<Date>

Ben Franske
6104 Arbour Ave.
Edina, MN 55436

To Whom It May Concern:

Benjamin Franske has requested permission to collect dissertation research data about engineering
problem solving from students at <name of school/district>. | have been informed of the purpose of the
study as well as the data collection procedures and approximate timeframe. | have also been given an
opportunity to ask questions of the researcher and advisor.

| understand that this research will be carried out following ethical research principals and will be
approved by the University of Minnesota Institutional Review Board prior to data collection. Individual
participant involvement in this study is strictly voluntary and no student names or personally identifiable
information will be collected. | understand that parents/guardians and students will be notified in
advance about this research and provided an opportunity to decline involvement without penalty if they
so choose.

Therefore, as a representative of <name of school/district>, | am authorized to grant permission to have
the researcher, Benjamin Franske, to recruit participants and collect data at <name of school/district>.

If you have any questions please contact me at <your contact information>.

Sincerely,

<Name of authorized representative>
<Official title>

Additional Information:

Our <school/district> has the following technology education/industrial technology/engineering
courses: <list any courses you have>. Data collection would be most welcome in <list courses which
would be available for data collection> which would include roughly <estimated number of students>
students.
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Reviewer #:

Dear Judge,

Thank you for taking the time out of your busy schedule to help with the evaluation and scoring of these
engineering problem finding tests. Hopefully you’ll find this a fairly straightforward process but if at any
time you are confused or unclear please don’t hesitate to contact me (frans046@umn.edu or 952-200-
8945). Attached you will find several things which should clarify what your task is and how to go about
it.

First, I'll include a short background on the study as a whole so you have some idea where this is going
and what your responses will be used for. Second, I'll describe what I’'m looking for from you and some
basic information about the scoring of creativity. Third, will be some specific instructions for the scoring
of student responses. Attached will be a sample student response which | have filled out myself to give
you some ideas about different directions students might go as well as a rubric to further clarify the
scoring and an example real student response which | have scored and given some rationale for how |
determined scores in the specific instructions for scoring a scenario.

| really appreciate your willingness to help out with this project and please do not hesitate to let me
know if there is anything | can do for you in the future.

Thanks,

Ben Franske
University of Minnesota
Department of Work & Human Resource Education

Study Background

Many of the problems in our modern world which engineers are asked to solve are not well structured.
For example, an engineer may be asked to improve the energy efficiency of a building, fix a problem
with the water in a remote village or alleviate a traffic problem in a city. Each of these problems has an
identifiable goal but none an immediately apparent path to solution. The path chosen by the engineer is,
for a large part, determined by their identification of a specific problem to address which they believe
will address the larger issue most effectively. This process of need or problem identification is generally
accepted to be the first step in the design process. It is obviously a critical step as it sets the tone for the
forthcoming solution yet it is often not one that is especially well addressed in engineering courses and
curriculum.

Little is currently known about the ability of high school students to find engineering problems or how
this ability is related to participation in technology or engineering education courses. Therefore, it is the
goal of this study to measure and describe the question posing capabilities of high school students with
a variety of backgrounds including those which have taken technology education or engineering courses
and those who have not. Students will be presented with two scenarios which might be encountered by
a practicing engineer. Question posing skills will be evaluated by a panel of judges comprised of




122

engineers as well as technology educators and experts in creativity on the fluency, flexibility, originality,
appropriateness and elaborateness of the questions posed by each student after examining the
scenarios. In addition to these scores the panel will also be looking for patterns and categories in
student response.

Gauging Creativity

While there are many methods which have been proposed for gauging creativity this study will use the
areas of creativity identified by Guilford, namely fluency, flexibility, originality and elaborateness as well
as the check of appropriateness to weed out irrelevant responses. Because these will be the primary
areas of your assessment a brief description of each term is included below.

The fluency factor recognizes that, all other things being equal, those students who generate the most
ideas per unit of time are more likely to have ideas of interest and significance than those who generate
fewer ideas. Therefore, fluency is primarily concerned with the number of ideas generated by the
student.

Flexibility involves the ability of the student to generate ideas which lead to many different branches of
investigation rather than staying in a rut. A more flexible student would look at many very different
ways of addressing a scenario which they encounter. For example, in the case of needing to cross a river
a less flexible student might identify the problem as a lack of a bridge and propose several variations of
bridge design while a more flexible student would propose many alternatives such as a water ferry
system, a tunnel, diverting the river, a bridge, or an aerial ferry.

Creative students have novel or original ideas. Although the responses must be acceptable or
appropriate for the scenario the ability to generate uncommon ideas is a valuable measure of creativity.
We might also call this the ability to “think outside the box”.

In order to be successful the creative student must also be able to clearly communicate and elaborate
on their ideas. This elaboration allows for the problem to be redefined and further developed by the
student as well as to clarify the relevance to the given situation. Elaboration may take many forms
including diagrams and drawings as well as the written word.

Remember that the goal for students was not to “solve” the scenario but to generate potential problems
which, if solved, would improve the situation. In many cases the students do identify solutions rather
than problems. For the purposes of scoring | would ask you to determine what the underlying potential
problem they attempted to solve was. | think as you look at my example of a scored response you'll see
how | did that.

In general, | don’t mind how you go about determining where one problem ends and another begins or
when responses should be lumped together but | do ask that you be consistent. | would also encourage
you to browse through several of the responses from each school (the school is the first set of numbers
in the student ID tags (eg. 01-xx-xx) before you start scoring. This will allow you to get some sense of the
variety of responses and problems identified by students which is important for accurately scoring how
original ideas are.
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Scoring the Scenarios
Note that it may be helpful to look at the example of a scored student response as you read over this.
The directions here specifically address my rationale for scoring this example.

1.

Copy the student ID to and mark the scenario number and your reviewer number on the
evaluation form. The key part of the student ID is the first two pairs of numbers (01-08 in the
example) with the third one being a page number. It would also be helpful if you made note of
any trends from one school to the next (the first two numbers, in this case 01) to aid in later
comparison.

Read through the entire student response to the scenario including any additional pages if they
used them. As you're reading through decide how many disparate problems the student
identified and what they are. Student responses vary from clearly delineated lists to paragraph
format to drawings and sketches. [t may be helpful to label the problems in the margin of the
page as you identify them. This is what | did in the example but this is not required and you will
not be returning the student responses to me so mark them up (or not) as you see fit. Not all
judges will identify the same problems in student responses but please be as consistent as
possible about how you identify when one problem ends and another begins. For example, in
my sample evaluation | treated air seepage through cracks as a different problem than poor
door/window seals but you may decide to treat these types of responses as one or as three as
long as you do so consistently across all students.

Once you have read the entire response of the student give the student an overall rating on
fluency with assistance from the rubric. In the example | gave a fluency rating of 3 because the
number of problems the student identified is about what | expect to be the average number of
problems identified. It may be helpful as you’re getting started to browse through a few
randomly picked responses to get an idea of what to expect. Fluency deals primarily with the
number of problems found.

Do the same for flexibility. My flexibility rating of 3 was because | saw three large categories
addressed: radiant heat loss, air leakage, furnace efficiency. The more difference between the
categories the higher this rating should be. For example, in the sample of my own responses |
listed problems dealing with appliance efficiency, radiant heat loss, air leakage, high fuel costs,
the marketing perception of high energy costs, inefficient floorplan, etc. because of the large
number of different categories | would receive a very high flexibility rating. Flexibility deals
primarily with the number of broad categories the problems fall into.

Now move into the per problem rating. For each of the problems you identified determine
whether it is appropriate to the scenario. | expect it will be rare to encounter an inappropriate
problem but if you feel that a given problem has no relationship at all to the scenario this is
the place to indicate so.

Continuing to look at each problem individually give a score for originality. In general the fewer
students who identified the problem the more original it is. In the example | scored | gave the
first problem | identified (lack of roof insulation) an originality score of 2 because based on what
I've seen looking through student responses this is a very common one.
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In evaluating the elaborateness you are scoring how thoroughly each problem was
developed/explained by the student. In the example | scored | gave the first problem |
identified (lack of roof insulation) an elaborateness score of 3 because the student explained
why the problem is important and material to the scenario.

Finally, give any comments or notes you have about the student’s response to this scenario. I'm
particularly interested in anything interesting/different the student described. In the example |
scored | noted my skepticism about whether electric furnaces were really more efficient, that a
major focus was reducing air/heat movement and that alternative fuels (electricity vs. fossil)
were mentioned. You are not required to make comments on all evaluations but if you see
something interesting, unusual or creative please make a note of it!
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SIMPLE

You have been hired as a consulting engineer for a residential architectural and construction firm which is
concerned that the houses it is designing are not as energy efficient as possible. With the recent rise in en-
ergy costs they are concerned that high energy use will discourage potential home buyers.

Guidelines:

1) Find original and novel problems which if solved would increase the energy efficiency of homes

2) Write down and describe the problems you would solve in a way that other people can understand them
as clearly as possible

3) Apply your knowledge as much as possible
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) E
Scenario 2:

You have been hired as a consulting engineer by a government organization which is concerned about
flooding along a local river and it’s impact on homes, businesses, and farms.

Guidelines:

1) Find original and novel problems which if solved would improve the flooding situation

2) Write down and describe the problems you would solve in a way that other people can understand them
as clearly as possible

3) Apply your knowledge as much as possible
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SAMYL E

StudentiD: @/ - 0% -0/ Scenario:@z Reviewer #: 77

Per Scenario Ratings:

Please rate the flexibility and fluency skills of this student as evidenced on this scenario as a whole
using the provided rubric as a guideline.

Fluency: 1 2 @ 4 5
2 (3) s

Flexibility: 1

Per Problem Ratings:

Please rate the appropriateness, originality and elaborateness of each problem the student described
in this scenario using the provided rubric as a guideline. In the event a student has identified more
than 12 problems use a supplemental sheet to continue scoring.

Problem | Appropriateness Originality Elaborateness
1 () n 1 (@3 45 |1 2Q 4 5
2 ) n 1 2@ 4 5 | 1() 3 4 s
3 @) 1 2 3(a)s |1 2 3(% s
a @) n 1(2)3 4 5 |1 2 3@
5 y N 1 2 3 4 5 1 2 3 4 5
6 y N 1 2 3 4 5 1 2 3 4 5
7 y N 1 2 3 4 5 1 2 3 4 5
8 y N 1 2 3 4 5 1 2 3 4 5
9 y N 1 2 3 4 5 1 2 3 4 5
10 y N 1 2 3 4 5 1 2 3 4 5
11 Y N 1 2 3 4 5 1 2 3 4 5
12 Y N 1 2 3 4 5 1 2 3 4 5

3 % 5 =i
ST fatnoes mote €F ::rw
mostly Yedociny aif [hest MY
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(o Scenetio H# Sﬁl/\/l Hf

Scenario

‘ﬁm—hm/e)bien hired as a consulting engineer for a residential architectural and construction firm which is
concerned that the houses it is designing are not as energy efficient as possible. With the recent rise in en-
ergy costs they are concerned that high energy use will discourage potential home buyers.

Guidelines: Sudart TD.#

1) Find original and novel problems which if solved would increase tt

2) Write down and describe the problems you would solve in a way tt 0 1 - O 8 - O 1
as clearly as possible

3) Apply your knowledge as much as possible

Reot YieS, and. There fort, e £ivst sep 4o entryy exicienty

L% 10 Make. Surt. e TOoF- 15 Well indlaxds T ordel” to 4o ﬂgg

! 0. aS addingwore inSulation FO” Tht ceiling
it{f&oag %ﬁthg and_SCalig-any gaps or cracks That

{ 3 VA Be. : :
%53, Mov{gg‘ ‘ng 9'H&er A %M%Hn (oW outSide AIte T% lf? H;"“
s iy ot by jnslig henvite TiREe doot &

Yl 5 ;
s of The house Should be dual fant. and ofen o1 a
%lv‘;ugbfiéﬁ‘&rhe?"rhanmdnum&wngjm OYAEr 10 NedvleThe
naunt of Sels T GUA BRIV KT 4
- 15 Play & Rt n €nergy e,
. Choif%% g}?mﬂ)er/ﬂ%f ng%eﬁm rybmu%*&,% does nokrely
o Dol Qels, lige otrer fumace. Toweve(— an eleanc

@}a@ as mugy, onN

(Nale, Thouh CHeaber b Deeait, does not USE enerygy as
g&?fﬁiﬁﬂv a5 ome @S fmaces, This 15 §on36fhmﬁ/ﬁv‘f
woUlA Neediobe. 0okl ar mort_Closely o ngnre THE

(o1¥G choice. o fumce,
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Student ID: © | - @9-0?/ Scenario: 1 @ || Reviewer#:ﬂ ‘

Per Scenario Ratings:

Please rate the flexibility and fluency skills of this student as evidenced on this scenario as a whole
using the provided rubric as a guideline.

Fluency: 1 @ 3 4 5
Flexibility: | 1 2 3 (a) s

Per Problem Ratings:

Please rate the appropriateness, originality and elaborateness of each problem the student described
in this scenario using the provided rubric as a guideline. In the event a student has identified more
than 12 problems use a supplemental sheet to continue scoring.

Problem | Appropriateness Originality Elaborateness
1 ) 1 2 3/)s 1 2(3)4 5
2 €Ll N 1 2834 5 (D2 3 a s
3 (y/ N ﬁ) 2 3 4 5 1 2 3 4 @
a4 Y N 1 2 3 4 5 1 2 3 4 5
5 Y N 1 2 3 4 5 1 2 3 4 5
6 Y N 1 2 3 4 5 1 2 3 4 5
7 Y N 1 2 3 &4 5 1 2 3 4 5
8 Y N 1 2 3 4 5 1 2 3 4 5
9 v N 1 2 3 4 5 1 2 3 4 5
10 Y N 1 2 3 4 5 1 2 3 4 5
1 Y N 1 2 3 4 5 1 2 3 4 5
12 ¥ N 1 2 3 4 5 1 2 3 4 5
. % =
o s o G 7 /D

mentiOns rosyston <owH<

4 eonomiC efecctS
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Scenario 2: ‘
You have been hired as a consulting engineer by a government organization which is concerned about
flooding along a local river and it’s impact on homes, businesses, and farms.

Guidelines:

1) Find original and novel problems which if solved would improve tk O 1 0 8

2) Write down and describe the problems you would solve in-a way tk = - 02
as clearly as possible

3) Apply your knowledge as much as possible

£[Fitst of al, i The et of flooding- js seniavs, pverYont
%”L Thet @I fossiblY be Miﬁo&fmul&%){ Plocdinsvorangz,
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A Smail dam with o YRSENOIT VEsttam of TheAowm
WOUIL WP n that The Flow op wadel wevid be (equlmigd
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20 \Withs The. Tafurol ego5y5fens, 5o This ooblen WOV halC 0
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EXReCts ok bUNAINg them andin & way that e, ecosysions
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